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ABSTRACT 
Objectives: The objectives of this study was to determine the differences in failure load between 
cemented and fused machined veneers to zirconia while observing the effects of real time aging 
on failure load between cemented and fused machined veneers to zirconia. The study was to 
examine the differences in aging and fatigue resistance amongst a machined glass-ceramic 
veneer and a machined feldspathic porcelain veneer.  
Materials & Methods:  VITA In Ceram YZ zirconia blocks were used as a substructure 
framework for the three unit fixed partial denture. The veneering material was either milled IPS 
e.max CAD (glass-ceramic) or milled VITABLOCS Triluxe Forte (feldspathic porcelain). The 
types of linking material between the substructures and veneering material were either fusing or 
cementation. Observations were compared between aged and non-aged specimens divided into 
two main groups; (a) non-aged group (b) aged for three years at room temperature. Each group 
has two subgroups; fused and cemented which are further divided into static and cyclic fatigue at 
20K, 60K and 80K. Specimens were subjected to load to failure test using universal test 
machine. 40% of failure load was calculated for the cyclic fatigue subgroups. In order to 
examine the difference in failure load between the static and fatigued specimens, the Tukey-
Kramer HSD test was used to analyze the data. 
viii 
 
Results and Conclusions: The VITABLOCS Triluxe Forte (feldspathic porcelain) fused to YZ 
zirconia showed significantly lower failure load values compared to all the other groups 
(p˂0.05). The non-aged VITABLOCS Triluxe Forte cemented to YZ zirconia (static and cyclic) 
showed significantly higher load to failure than the aged cemented Triluxe fatigued groups 
(p˂0.05). There is no significant difference in failure load between IPS e.max CAD fused and 
IPS e.max CAD cemented to YZ zirconia framework (p˃0.05). The aged IPS e.max CAD 
fatigued (20K, 60K and 80K cycles) cemented to YZ zirconia showed lower significant 
difference in failure load among all the other IPS e.max groups. (p˂0.05). 
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The term ceramic refers to a non-metallic inorganic material treated at high temperature. 
Ceramics are similar to glass by means of structure with an arrangement of crystal lattice that 
extends in all directions. The main objective of this literature is to review ceramic dental 
materials, including their most relevant physical and mechanical properties with different 
cementation techniques. Restorative materials within dental ceramics have shortcomings due to 
the inability to withstand functional loads that are present in the oral cavity. Discussions and 
debates exist to further develop solutions in dental treatment planning; i.e. material used for 
posterior long-span (3 Unit Bridge) fixed partial prosthetic restorations. With ceramics 
improvements over the years, it currently displays lower fracture toughness when compared with 
other restorative materials, such as metals. The aim is to compare the failure load of cementation 
and fusion technique of different machined veneers.  Additionally, the study evaluated the effect 
of cyclic fatigue on failure load while identifying failures pattern and behavior of all-ceramic 
crowns by visual inspection.  
All-ceramic restorations have become more popular in esthetics and full restorative 
dental planning, as they are comparable in appearance and strength to that of a natural tooth. 
Ceramic has many advantages because of its biocompatibility from its thermal conductivity, 
electrical insulators and chemical inertness to harmful elements that oral cavity endures. Ceramic 
restorations also provide esthetic and translucency properties providing better color stability and 
wear resistance compared to porcelain fused to metal. From a patient’s point of view, authorized 
dental restorative procedures are dependent on the needs of the tooth i.e. eating and the visual i.e. 
smile needs.  
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The substructure zirconia (VITA In-Ceram YZ) has gained popularity in the last few 
years due to the combination with its veneering material such as lithium disilicate (IPS e.max) or 
VITABLOCS (Triluxe). Despite major improvement from previous materials, the current all-
ceramic materials common complications are associated with fractures.  
The era of digital dentistry has provided CAD/CAM technology with intraoral cameras to 
replicate scanning and 3-D milling. It has well enhanced time efficiency, visibility with 
transparency of the ideal tooth shade and the overall dental oral health industry. In present day, 
the technology of in-office CAD/CAM is available for simple to complex all-ceramic 
restorations such as; inlays, onlays, crowns and veneers. The now all-ceramic era is introducing 
high performance veneer ceramic systems to support and standardize single-visit chairside 
techniques.  It is essential to understand the fundamental mechanics of failure in dental ceramics, 
especially under repetitive function that lead to fatigue failure. The CAD/CAM systems are a 
disruptive technology that is opening the door for new techniques of using partially stabilized 
zirconia as a core/framework material. 
 
 
 
ZIRCONIA-BASED MATERIAL 
Ceramic materials can successfully replace damaged and missing teeth, improving a 
patient’s dental functionality and appearance. Zirconia is the oxidized form of zirconium (Zr) 
that imitates the qualities of natural teeth. The properties in the material is not cytotoxic which 
leads to a low bacterial adhesiveness and not vulnerable to corrosion. However, despite strength 
4 
 
under compression, it is unpredictable when it comes to fractures as it does not exhibit any 
deformation prior to failure as what can occur with a PFM restoration. 
Zirconia exists in three major crystal phases: monoclinic, tetragonal, and cubic. Zirconia 
is in the monoclinic phase at room-temperature when it is stable. If temperatures are from 
1170°C - 2369°C, zirconia transforms into the tetragonal intermediate phase and at 2370°C and 
higher, the material exists in the cubic phase.  
Zirconia is able to sustain the tetragonal phase at room temperature when stabilizers such 
as ceria (CeO2, Cerium oxide), magnesia (MgO, Magnesium oxide), Calcia (CaO, Calcium 
oxide) or Yttria (Yttrium Oxide) are added. The concentration of the stabilizer plays a decisive 
role in the performance of this material under fatigue and the addition of yttrium results in 
partially stabilized tetragonal zirconia, which is the most attractive composition for 
“transformation toughening”. The tetragonal to monoclinic uprising is of great scientific 
significance, due to the martensitic nature of the reaction.  
The change from tetragonal to monoclinic phase is termed transformation-
toughening.  Upon temperature cooling from tetragonal to monoclinic, the property of zirconia 
undergoes a composition change with manipulation in the microstructure. Zirconia undertakes a 
change in the way its atoms are stacked at different temperatures, known as polymorphic 
transformation. As it is heated, shrinkage of one percent occurs and then a 2-5 % of expansion 
takes place.  Normally as the volume increases, it creates compressive stresses at the crack tip 
that counteract the external tensile stresses and retards crack growth. Transformation-toughening 
assists for flexural strength providing data that are ranging between 800-1200 MPa with a 
fracture toughness ranging between 6-8 MPa, meeting the mechanical requirements for high 
stress posterior restorations. 16 
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Phase transformation is commonly connected with stress concentration at the damage 
location where the initial residual stress starts. The coefficient of thermal expansion between the 
core and veneer layers can be relaxed during phase transformation as the monoclinic crystal has 
a larger volume than tetragonal. 47 
 
DENTAL CERAMICS 
 
Most ceramic materials are composed of inorganic compounds that require baking at high 
temperature to fuse small particles together to form a crown or a pre-formed ceramic block used 
in CAD/CAM techniques. Dental ceramics began in the early 1960s with the introduction of 
metal-ceramic crowns. Fabrication of these crowns relied on application and firing of veneering 
porcelain to a metal substructure to produce an appealing crown. With progress, different types 
of ceramic are offered to handle the needs of the developing dental science and practices. 
Ceramics are classified according to their fabrication, processing and firing temperature. 
Yttrium cation-doped tetragonal zirconia polycrystals (3Y-TZP) 
The biomedical grade 3Y-TZP contains 3mol% yttria as a stabilizer. Restorations are 
fabricated either by soft machining of pre-sintered blanks at high temperatures, or by hard 
machining of fully sintered blocks. Transformation rate varies to the grain size and if incorrect it 
will lead to reduced fracture toughness.  The microstructure of 3Y-TZP ceramics for dental 
applications consists of small grains with high flexural strength. 
VITA In-Ceram YZ  
VITA YZ are porously pre-sintered zirconium dioxide blocks consisting of Y-TZP, 
which then are CAD/CAM milled, sintered at 1530 Celsius in a high temperature furnace. In-
Ceram YZ cubes when sintered have approximated of 20% shrinkage. The results from the 
sintering process are a dense free structure. The use of yttrium oxide partially stabilized 
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zirconium oxide crystals in In-Ceram YZ has shown to increase their flexural strength and 
increase the toughness fracture. Tetragonal crystals in these zirconium oxide ceramics are 
metastable and transformed into larger monoclinic crystals with the application of stress from 
cracks or flaws.  
VITABLOCS Triluxe   
Triluxe blocks are multi-chromatic feldspar ceramic with an integrated three layer of 
shade intensity. Manufactured from the basis of Mark II ceramic, the production procedure color 
saturation levels (chroma) and various translucency levels combined for the characteristic of 
natural dentition. The benefits to the shade are from the neck to the incisal edge.  The strength of 
the material approximated at 130 MPa when polished, and above 160 MPa when glazed, 
somewhat higher than many press-able materials.30. 
IVOCLAR Vivadent IPS e.max (Lithium Di-silicate) 
Lithium di-silicate glass ceramic (Li2Si2O5) is an all-ceramic system used in the 
fabrication of single and multiunit dental restorations. It has gained acceptance for shade 
similarity and great mechanical properties. IPS e.max is composed of quartz, lithium dioxide, 
phosphor oxide, alumina, potassium oxide, and other properties. The flexural strength varies 
depending on the type of fabrication method with an approximate of 160 – 400MPa. 28. 
In 2006, lithium di-silicate was reintroduced by Ivoclar Vivadent as press-able ingots 
(IPS e.max Press) and partially crystalized milling blocks (IPS e.max CAD). The material 
contained 70% lithium di-silicate crystals embedded in a glassy matrix. Due to its flexural 
strength with a value of 300 - 400MPa, it eliminated the risk of veneering porcelain chip when 
applied to monolithic restoration. IPS e.max CAD was also introduced as a lithium di-silicate 
glass-ceramic block for CADCAM tech with manufacturing process based on glass technology. 
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This new technology used optimized processing parameters, which avert the formation of defects 
in the bulk of the ingot. Altered from press-able, the machine-able lithium di-silicate blocks are 
processed through two-stage crystallization, controlled double nucleation. 
The step includes the precipitation of lithium-meta-silicate crystals (Li2SiO3). The 
intermediate lithium-meta-silicate crystal structure supports easy milling, without extreme bur 
damage, while sustaining tolerances and marginal integrity. After the initial firing phase, lithium 
meta-silicate crystals (60 wt. %) and lithium di-silicate crystals (40 wt. %) are formed. The 
blocks are light bluish color with low MPa flexural strength approximating at 130-150 MPa, 
which can ease the milling process.  The last stage is the heat-treating step to perform after the 
milling process is completed, in a porcelain furnace at approximately 850 °C. The temperature 
meta-silicate dissolves and lithium di-silicate crystallizes in relation to a low coefficient thermal 
expansion (10.5 Å~ 10-6/K). This result in a fine-grain glass-ceramic with 70 % crystal volume 
incorporated into a glass matrix. The 70% crystal phase of this unique glass-ceramic replicates 
natural tooth shades and now gives an improved flexural strength ranging from 360 MPa to 400 
MPA. Light reflection is excellent due to the crystal arrangement providing superior aesthetic 
results and great resistance to thermal shock. 
 
Failure Modes of All-Ceramic Restoration 
Failures in dental ceramic prostheses are often related with veneer defects. The defects 
found are possible flaws that could have been from the fabrication, preparation, or post-
placement. Unfortunately, these are unseen to the naked eye as they take the form of 
microveneer/micro-fractures. It may have occurred from machining, sandblast damage or from 
wear and contact damage on the occlusal surface. As the flaws are generally the form of micro 
cracks of sub-millimeter scale, valuable clues as to the origin cannot be provided until post-
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failures. Influenced by environmental factors, fatigue-induced failure depends on material 
ductility. Mode of fractures depends mainly on the ceramic combination used.  
Types of Failures: 
 Adhesive – Interface Failure 
 Cohesive – Failure with the core material 
 Veneer ( veneer ) – Mechanical rather than adhesion of the veneer material  
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Fracture Strength of Aged Monolithic and Bilayer Zirconia-Based Crowns 
 
Crowns are used to protect weak teeth, restore misshapen, discolored or broken ones and 
to cap implants, root canals and the teeth that anchor either end of a bridge. They're more likely 
to be needed by people who grind their teeth or clench their jaws, two common activities that 
lead to fractures and cracks. And in many cases they need to be replaced, sometimes more than 
once, over the course of a lifetime. Lameria et al, describes in the article “Fracture Strength of 
Aged Monolithic and Bilayer Zirconia-Based Crowns”.   
With the upbringing of metal-free restorations, the demand to evolve posterior crowns 
and fixed dental prostheses (FDPs) reveals the susceptibility of those to various failure modes. 
To improve the fracture strength of an all ceramic, the use of Yttria-stabilized tetragonal zirconia 
polycrystals (Y-TZP) is used to heighten the flexural strength for fixed partial prostheses (FPPs) 
for areas of high masticatory loads. 6. Bilayer system strength relies upon the core as well as the 
veneer material. Though with two layers, it tends to fail prematurely although the core being Y-
TZP, strong and tough with a veneered translucent and brittle porcelain. The article initially 
describes a bilayer having several disadvantages, from multistep manufacturing process to low 
toughness of the veneer material, and the weak bond between veneer layers and coping. These 
ceramic prostheses veneered with porcelain rarely undergo framework fracture but chipping and 
cracking of the esthetic structure is the most commonly reported complication. Clinical survival 
rate of zirconia-based veneer restorations can be as high as 79–100% after 5 years and chipping 
of the veneer layer is mostly reported for bilayers crowns in powder build-up technique. 6. 
A substitute to a bilayer system is to exchange the veneer/core bilayer with a monolithic 
restorative system. Fabricating zirconia monolithic could improve the mechanical stability and 
increases the range of indications of those prostheses as bilayers are two factors. As we know 
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from readings above, Zirconia presents three different crystal configurations pending on the 
temperature: monoclinic: 1170°C, tetragonal: 1170°C to 2370°C, and cubic: above 2370°C. 
When cooling after sintering, volume undergoes expansion of 3-5%, which is associated to the 
transition from tetragonal to monoclinic phase. Oxides are added to zirconia to stabilize the 
tetragonal and stronger phase at room temperature. Yttrium is known as the stabilizer to 
primarily give the superior mechanical properties of zirconia inhibiting crack propagation. 
However, due to unfavorable phase transformation at room temperature, and “low 
temperature degradation” (LTD). Aging occurs through an uncontrolled slow transformation of 
superficial grains from tetragonal-to-monoclinic phase in contact with water. The water 
penetration causes further phase transformation consequently provides a loss of mechanical 
strength. The application of full-contour zirconia restorations is currently discussed as an 
alternative to bilayer veneered system based on the brittle veneer layer. Lameria et all states that 
even though reducing the possibility of early fracture by eliminating the weak phase in the 
bilayer system, phase transformation is still a concern, since the direct contact with saliva under 
masticatory loads may aggravate the water penetration and crack propagation. Although, 
monolithic crowns present higher fracture strength, it cannot be foreseen with aging as 
monolithic depends on the phase transformation and water penetration which is not understood 
fully at the present time.  
 
Monolithic Versus Bilayered Restorations: A Closer Look 
 
The mechanism of bonding esthetic ceramic to a zirconia substructure was investigated to 
recognize the quality of the bond. The bilayer non-metal restoration bond strength between 
veneering ceramic and zirconia framework substructures is a concern as it is substituting metal to 
porcelain. Chipping, has been reported to occur at a rate of 13 percent during a three-year 
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observation and in a follow-up study for a five year period, it increased to 15.2 percent. 31. 
Current dental laboratory practices accept sandblasting to increase surface area roughness and 
undercuts for effective bonding and mechanical strength by initiating a phase transition. Phase 
transition is when tetragonal zirconia becomes monoclinic zirconia resulting in a lower 
coefficient of thermal expansion. What examined were the different surface treatments on the 
bond strength of veneering ceramics to zirconia core.  
Their study evaluated the effects of treating the zirconia surface by polishing, 
sandblasting, silica coating and applying a liner. They also considered the impact of regeneration 
firing, which entails firing the zirconia framework for 15 minutes at 1,000 degrees Celsius prior 
to veneering. Helvey et al. states that in all specimens, the weakest link was not the interface, but 
the veneering ceramic itself concluding that neither increased surface roughness nor application 
of a liner did not improve strength. The report presented fractures were five times more prevalent 
with ceramic formulations than on metal. The study was to investigate the effect of zirconia 
types as a replacement of metal for the bond strength to veneer ceramics. Results were 
significantly weaker bond strength in pigment zirconia framework compared to the white 
zirconia frameworks. 
 
In Vitro Evaluation of Low-Temperature Aging Effects and Finishing Procedures on the 
Flexural Strength and Veneer Stability of Y-TZP Dental Ceramics 
 
The purpose of the study was to determine the influence of airborne-particle abrasion and 
polishing, on the flexural strength and the microveneer constancy of In-Ceram Y-TZP ceramic 
material. There were 310 specimens, with 61 in the control group and the rest in each 
experimental group. The data showed that several low-temperature aging treatments had no 
negative effects on the flexural strengths of Y-TZP ceramic from In-Ceram YZ ceramic blocks. 
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Once aged in Ringer's solution for different times at 37°C, zirconia specimens did not experience 
strength degradation after 1 year similar to a test with higher temperature but less time. The LTD 
phenomenon is primarily in a humid environment at a range of 65°C to 500°C. Temperatures in 
the range of 65°C can be detected in the mouth during function. This research confirmed no 
substantial change in bending strength after 30 months of LTD treatment. 
 Weibull analysis, related to the flaw-size distribution has been reported to relate to the 
probability of failure. Low (m) values linked to wide flaw-size distributions. The (m) values of 
the 9 tested groups were within the range of 5 to 15 quoted for dental ceramics, 33 some groups 
showed smaller Weibull modulus values comparing to the control group. The breaking strengths 
of the specimens were variable, with a range of values from 546.4 to 1108.9 MPa. The lowest 
flexural strength value recorded 546.4 MPa above 500 MPa, exceeding the occlusal loads. 41. 
At a temperature of 250°C, the transformation of tetra to mono was more pronounced at 
100°C. It was identified to be localized on the surface, producing little effect on flexural strength. 
No direct effects on flexural strength were observed. The high mean flexural strengths of all aged 
groups, when compared with the control group, suggest that the veneer transformation occurred 
at the external surface only. The influence of the abrasive airborne particles on the surface of Y-
TZP ceramics although can produce surface flaws. The actual depth of the surface flaws induced 
by airborne-particle abrasion does not exceed the thickness of the compressive surface layer. The 
airborne-particle-abraded specimens dropped from 950.2 to 861.3 MPa after immersion in 
boiling water for 7 days, in contrast with the group of control that did not show any degradation. 
The airborne-particle abrasion process is accountable for the strength degradation. The 
transformed monoclinic phase, after airborne-particle abrasion, creates a layer of compressive 
stresses, which counteracts the strength degradation caused by the flaws induced by airborne-
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particle abrasion. 41. The standard deviation 166.8 MPa of the airborne-particle-abraded/aged 
group was the highest among all tested groups but the Weibull modulus (m=5.6) was the lowest, 
signifying less dependability to clinical performance. Impact flaws might advance stress 
intensifiers with airborne-particle-abraded ceramics, lowering the strength over time.  
With regard to polishing, it appears that the load applied was not capable of inducing 
transformation and that the temperature increase during the polishing procedure was not high 
enough to cause any reverse transformation. 41. Polishing could hypothetically minimize flaws on 
the external surface produced during the milling procedure, subsequent in higher flexural 
strength. Additional studies should be directed to measure the depth of the phase transformation 
to discuss the role of aging and finishing procedures on the long-term strength of Y-TZP ceramic 
materials under cyclic loading. 
 
Effect of Air-Abrasion on the Retention of Zirconia Ceramic Crowns Luted with Different 
Cements Before and After Artificial Aging 
 
In Shahin et al., mean values of retention ranged from 2.8 to 7.1 MPa after 3 days and 
from 1.6 to 6.1 MPa after artificial aging. 42. Luting material had an important effect on crown 
retention with the adhesive providing a significant high retention. Air-abrasion also increased 
crown retention, although artificial aging reduced retention. Crown retention in the present study 
was similar to that of previous studies with zirconia ceramic crowns. The luting agents had a 
mean retention of 5.1, 6.1, and 5.0 MPa correspondingly. Due to the differences in experiments 
of the premolars used, the type of cements, means of group retention displayed varying standard 
deviations. Adhesive resin cement group standard deviations were lesser than in groups with 
conventional cements, while standard deviations improved after artificial aging. Due to using 
natural teeth, standard deviations were relatively high in most of the study groups. The adhesive 
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resin showed a significant higher retention than glass ionomer and zinc phosphate, the 
hypothesis, that zirconia ceramic crown retention is not influenced by the luting material must be 
rejected. 
The air-abrasion did not affect the crown retention regardless of cement with the group 
presenting significantly higher retention than non-abraded groups. The increase of retention 
corresponds to the increase of micro-roughness of the air-abraded zirconia. Surface roughness 
improved the micromechanical meshing of luting agents to ceramic surfaces. In assumption, the 
hypothesis that air-abrasion does not influence crown retention has to be rejected. Retention was 
considerably reduced in retention after aging using thermo-cycling and masticatory simulation. 
Stresses encouraged by long-term thermal cycling and masticatory simulation are responsible for 
the reduction of retention simulated clinical conditions. This can be explained by material fatigue 
as consequence of micro leakage, changes in the elastic modulus, and plastic deformation over 
the time under thermal cycling and mechanical loading. 42. As a result, the third hypothesis that 
artificial aging does not influence crown retention has to be rejected. 
In groups with zinc phosphate and glass ionomer cements, the failure was typically the 
cement that stayed on both crown and tooth or on the crown. Groups with adhesive resin cement, 
the mode of failure was that the cement remained mostly attached to the crown surface. SEM 
assessment of the failure mode presented that there were still fragments of the adhesive resin 
across the whole dentin surface and particularly filled in the dentin tubules, which can be 
measured as cohesive failure. Consequently in verdict, higher crown retention corresponded to 
more cohesive failures within the luting material. 
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Bonding Between Layering Materials and Zirconia Frameworks 
 
To achieve a robust bond, the coefficient of thermal expansion (CTE) of the framework 
material and layering porcelain should closely resemble. On metal–ceramic systems, the layering 
porcelain should have a lower CTE than metal as it will result in a necessary residual 
compressive stress in the layering porcelain. To prevent fragment breakage of the layering 
porcelain, specific materials have been developed with slightly lower or identical CTE. If the 
porcelain has a higher CTE, the result will be a veneer delamination and extensive micro-crack 
formation. The mismatch in CTE approximated at 2.0 × 10−6/°C between the zirconia 
frameworks and layering material, will result in spontaneous de-bonding of the layering 
porcelain after firing. 43. Shear bond strength of zirconia/veneer composites with a CTE 
mismatch from 0.75 to 1.7 × 10−6/°C. Other studies found no connection between shear bond 
strength and CTE of zirconia and layering porcelain.  
Ceramic liners are often used to cover the white color of zirconia frameworks and 
increase the bonding between the two. Reports of negative effects on bond strength due to the 
use of such liner materials should be considered as combination with press-on ceramics will 
decrease the bond strength. There is also indication to the conflicts that shows the application of 
a liner instead enhances the bond strength between some layering porcelains and a zirconia 
framework. 
 
Fracture Resistance and Failure of Posterior FDP fabricated with Two Zirconia CADCAM 
 
Among the available selections for fixed dental prosthesis (FDP), ceramic is a unique 
alternative for posterior teeth. Even with advance of resin cements and adhesive systems, the 
increase of clinical use of all ceramic restorations has raised a concern related to longevity. This 
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article presents a study of the analyses for fracture resistance of two zirconia systems: Procera 
and Lava. The study indicated that for both zirconia systems, the veneer porcelain fractures first 
before the framework. There is a significant difference in load fracture from the veneer and the 
framework. The Procera group revealed primarily adhesive failure between the zirconia core and 
the veneer ceramic in 6 specimens. The Lava group presented a failure pattern from mostly 
cohesive fracture occurring within the porcelain veneer rather than at the porcelain-zirconia 
interface. The effect of fracture for the veneering porcelain could be due to many factors such as 
thermal expansion coefficients between core and ceramic, flexural strength of the veneering 
ceramic, firing shrinkage of ceramic, porcelain thickness, surface treatment of the framework, 
and flaws on veneering and pour wetting by veneering on core. 35. 
To evaluate between the two zirconia systems for mechanical properties, a standardize 
system was put in place for the study. The range of tooth preparation design and dimensions 
were under careful consideration for the study. The veneer porcelain was fired according to the 
manufacturer ́s, recommendations. The dimensions and layered build-up technique were identical 
to for an appropriate comparison. The framework design was anatomically shaped and tested 
under compressive pressure and although not similar to the oral cavity cyclic studies. 
The  greatest  common  fracture  pattern  of  tested  zirconia-based FDPs was at the loading point 
being  the  initiation  of  fracture  in  the gingival embrasure. The results supports a previous 
study listed in the article that  the  connector  design  appears  to  be  crucial  for  the 
fracture  resistance  and  longevity  of  zirconia  FDPs.   
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Effect of Surface Pre-Treated Zirconia Ceramic–Resin Cement Micro-tensile Bond 
Strength 
 
Clinical success depends on the formation of a consistent bond with the luting agent. 
Development in zirconia ceramic–resin cement interfacial strength was logged after SIE and ST 
treatments.  The use of resin cements in combination with preliminary zirconia surface 
treatments is recognized. SEM and AFM analysis revealed retentive surfaces and changes in 
topography may be produced on zirconia dependent on the surface treatment. These treatments 
enhance retention, providing micro-porosities for the luting agent to penetrate and establish 
micro-mechanical interlocking. The existing study confirmed differences in surface pattern after 
substrate conditioning may affect the retention of core ceramics. A Calibra, GMA based was 
chosen between MDP-based resin cement and the zirconia ceramic, evaluating the actual success 
of the surface treatments. The high ratio of adhesive failures and the low bond strength values 
documented in the raw zirconia group confirmed no relations occurred between Calibra and the 
zirconia substrate. 46. 
Airborne-particle abrasion of zirconia surface is the most investigated methods of 
providing bond strength to zirconia when united with phosphate ester monomer. The low bond 
strength values attained on zirconia after sandblasting and adhesive and premature failures 
exposed treatment did not end in the formation of sufficient undercuts to improve the bond 
strength. Aspects regarding sandblasting procedures are that it induces tetragonal to monoclinic 
(T to M) phase transformation on zirconia surface to increase the flexural strength. Alongside the 
grain size, pressure application of sandblasting determined it can enhance surface roughness but 
did not improve bond strength. This procedure is based on the zirconia surface of an infiltrating 
agent composed of inorganic oxides. During the procedure the agent is heated at 750 °C and 
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cooled. The remnants are dissolved in a 5% hydrofluoric solution, leaving the zirconia surface 
conditioned. The hot etching solution may determine a selective chemical etching of zirconia, 
creating micro-retentions and increasing the grain boundaries. 46. The noticeably higher cement–
ceramic bond strengths evaluated in this study confirm the hypothesis after ST treatment of 
zirconia. Chemical affinity due to the same composition, resin luting agent and composite may 
guarantee higher bond strength than to zirconia surface without the application of primers or 
silanes. 
 
Influence of Cyclic Loading on Fracture Toughness and Load Bearing Capacities 
 
Cyclic loading is considered a repeated or fluctuating force or stress to a location on a 
veneer component. The loss in toughness that occurs is referred to as fatigue degradation. The 
article discusses all-ceramic crowns and their failure after years of service. The study reveals in a 
laboratory evaluation of the mechanical properties, the overall load-bearing capacities were to be 
considered which replicated the routine occlusal behaviors of the restored teeth. Over time, the 
mechanical strength of all-ceramic materials could cause micro-flaws in veneer and core 
ceramics. IPS e.max Press and Lava zirconia core were observed from a before and after fatigue 
loading using the IF method. The IF method is widely accepted and applied in measuring the KIC 
of brittle materials, although it is not an accurate method for measuring the true fracture 
toughness of materials because of the use of empirical parameters. 36. 
Fracture mechanics is the field of mechanics concerned with crack propagation. Cracks 
can redirect, grow in the same direction and can be less resistance parallel to the needle-like 
crystals. The crack lengths in two directions suggested that cracks propagating resulting in either 
a bridging or crack deflection. The recent progress of CAD/CAM lithium disilicate has provided 
a promising method for an optimized pressure-casting process to lessen microveneer defects to 
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that compared of the e.max press. From above understandings, zirconia has a stress-induced 
transformation-toughening mechanism when subjugated to high stress, a veneer transformation 
from the tetragonal to monoclinic phase (t m) causes compressive stresses, which oppose the 
opening of cracks and improve resistance to crack growth. If the fatigue load exceeds a certain 
threshold, cracks will cause strength degradation in the zirconia ceramics. The primary failure 
mode is chipping of the veneer with the zirconia core remaining intact regardless of the fatigue 
loading.  
The fatigue test was conducted only in air, with the purpose of studying the influence of 
cyclic loading on the mechanical properties. A comprehensive conclusion that a high-strength 
core is more durable, while greater attention should be paid to enhancing the strength of veneer 
ceramics. From this study, the cyclic load was imitated on a stimulated vertical bite force, 
neglecting stress caused by mastication movement. 
 
The Firing Procedure Influences Properties of a Zirconia Core Ceramic 
 
Zirconia is considered to be a necessary substitute substructure for a bi-layer crown due 
to compatibility, strength and tooth-like appearance. The article identifies whether a bi-layered 
veneer ceramic fused to a strong zirconia core will result in a preferred combination of esthetics 
and strength. The hypothesis states that heating the zirconia multiple times affect the properties 
of the restoration. 
In the past, it was believed that all-ceramic crowns were considered not long term 
solutions for posterior tooth. This study was to prove the firing influences the properties of 
zirconia core ceramic. A reduction was seen in flexural strength and micro-hardness after the 
first heat treatment. What was understood was that the heat treatment impacts the surface of the 
ceramic during the initial firing. Subsequent firings do not cause additional effects. 37. To increase 
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flexural strength, mechanical grinding or sandblasting of the surface of zirconia was performed 
and suggested the better alternative to polished surfaces. 37. The findings of sandblasting and 
grinding were supported by other studies indicating that phase transition initiated and reduced 
the number of monocline shaped grains on the surface. The belief that external forces such as 
cutting and grinding introduce cracks to the surface of the material and the heating lead to 
changes in the shape of porosities and impurities.  Some authors disagreed with crack 
propagation of mechanical treatment to the surface area and suggested that heating in actuality 
initiates a phase transformation to stop crack growth. The assumption of that a veneer change 
from grinding to thermal heating would give dimensional distortion.  
 
Comparison of Two Bond Strength Testing Methodologies for Bilayered All-Ceramics 
 
Dundar et al. described in his article that specific fracture pattern in shear testing can 
cause cohesive failure in the substrate which leads to misguided interpretation of actual data. 
This is an issue as the data could change ranking values. In this study the shear bond strength 
“SBS” measurement values of veneering ceramics to core ceramics ranged between 23 and 
41 MPa. Although not the same values of the MTBS measurement systems, a different 
core/veneer combination was used and resulted in less MTBS values in the present study (9–
15 MPa). The common clinically failed all-ceramic crowns have been shown to fail from the 
internal surfaces, where the highest tensile stresses and/or largest flaws existed. 38.  
The results suggested that bilayered ceramic displayed multifaceted failure modes. This is 
known to be attributed from many factors such as the thickness of ceramic layers, direction, 
magnitude and frequency of applied load, residual stresses induced by processing, as well as the 
differences in thermal expansion coefficients of such ceramics.  
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Since the use of a core ceramic is not used to form an entire crown, building up the crown 
with a layering technique introduces voids and flaws. The applied load of the veneer to the core 
creates stresses that in turn lead to veneer and core cracks. It was stated that the core/veneer ratio 
in this reading was 3 mm/2 mm and reported that as the core/veneer ratio increased, the crack 
initiation sites shifted from the veneer to the core. Pretreatment of the core with liners was 
unsuccessful as it did not do anything with strength. From a previous study, Fleming et al. states 
that an increase in flexural strength was due to liners being used for masking voids. This study 
decided to not apply a liner as an attempt to increase their adhesion. With vulnerable due to voids 
in the veneer to core area, the all-ceramic crown could be susceptible to chemicals, thermal and 
mechanical stress. The influence of water storage lowers the value when compared to the results 
from dry testing environment because of the combined influence of water and stress. Based on 
the mean values obtained by shear testing, Dundar believed that the ranking of the systems were 
flawed due to SBS bond strength measurement techniques. The study was to observe the 
adhesion behavior and the types of failure at the core–veneer interfaces but Dundar believed 
porosities, reduced occlusal thickness, thicker ceramic cores lead to fractures.  
 
Fatigue of Bilayered Ceramics Under Cyclic Loading of Core Veneer Thickness Ratios 
 
Dibner et al. describes in the article that, it is under a false assumption that a bilayered 
ceramic with a thick core improve fatigue strength. It is proposed that the thicker layer of 
veneering ceramic may actually improve the fatigue strength. Included in the study are the 
residual stresses after sintering upon cooling understanding thermal expansion/contraction 
behaviors of the ceramic layers at room temperature. A compressive-tensile residual stress state 
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is formed hypothesizing higher protective stresses in the core ceramic. Tensile stresses are found 
in the veneer and compressive stresses in the core, strengthening the whole bilayered ceramic. 
They suggest that the role of residual stresses in fatigue strength determines the role of 
the coefficient of thermal contraction for the veneer and core, as opposite to the coefficient of 
thermal expansion for understanding the behavior of bilayered ceramics. Fatigue strength is 
independent of core thickness and is encouraged to maximize the thickness of the veneering 
porcelain with a minimum core thickness. Veneering ceramics closely replicate amorphous 3-
dimensional structure similar to that of enamel and dentin, while core ceramic materials are 
particle-filled glass or polycrystalline ceramic with less esthetic and more opaque materials. The 
theory to maximize the veneering layer will improve the esthetics and patient satisfaction. 
 
Unstable Cracking of Veneering Porcelain on All-Ceramic Crowns and FPD 
 
Many types of FPDs or "bridges" have been used to replace missing teeth. Now, with the 
introduction of implants, many missing teeth are now being replaced in this manner rather than 
with FPDs. Swain et al. highlight the importance of FPC and their contribution: thermal 
expansion mismatch and cooling rate-induced tempering. The outcome of this study is that thick 
layers of porcelain on copings or frameworks with low thermal diffusivity are further inclined to 
producing high tensile subsurface residual stresses which may result in chipping. 
In most instances where the thermal expansion coefficient of the porcelain is lower than 
that of the coping material, the compressive stresses develop in the porcelain and cause the 
surface to be slightly tensile. The unwanted outcome leads to initiation of cracks surface leading 
to an exposed contact and thermal shock type loading. Numbers of cracking patterns may depend 
on the indenter radius and whether quasi-static or cycling loading is applied. 69.  Equally, 
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reducing the ceramic material causes a lower tensile strength due to removal of thickness. A 
bilayer highlights the importance of three factors: cooling rate, thermal expansion coefficient and 
thickness of the porcelain. The initial results from the study verify the above analysis where 
unstable cracking observed are on all ceramic crowns (porcelain bonded to Y-TZP) with 
thickness of 1.5 and 2 mm. The concept of effective thickness highlights the importance of the 
thermal conductivity of the coping material. 
 
Five-Year Clinical Results of Zirconia Frameworks for Posterior Fixed Partial Dentures 
 
Sailer et al conducted an approaching study to evaluate the success rate of zirconia 
frameworks for posterior fixed partial dentures (FPD). Fifty-seven 3- to 5-unit posterior FPDs 
were cemented in with different types of cements. Variolink and Panavia TC cement. It was to 
evaluate the baseline, from after 6 months to 1-5 years after cementation at the abutment and 
contralateral teeth. Frameworks were fabricated from pre-sintered zirconia blocks using the 
Cercon system, to then sintered and veneered with a matching of coefficient thermal expansion. 
The results were an expected porcelain chipping rate at 15.2% with a success rate of 73.4% at 38 
months. 
 
10-year Clinical Outcomes of Fixed Dental Prostheses with Zirconia Frameworks 
 
Sax et al conducted an approaching study to assess long-term clinical success rate and the 
practical difficulties of zirconia-based posterior fixed partial dentures (FPDs). Forty-five patients 
received 57 3- to 5-unit zirconia-based FPDs. The frameworks were fabricated from pre-sintered 
zirconia blocks by CAM machining, then sintered and veneered. At baseline, 6 months, and 1, 2, 
3, 5, 8 and 10 years of function, the FDPs were examined for technical and/or biological 
complications. Twenty-one patients with 26 FDPs were examined: 10.7 +/- 1.3 years. 16 FDPs 
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were lost to follow-up. 15 FDPs replaced due to technical/biological complications; survival rate: 
67%. Three framework fractures, resulting in a 10-year survival rate for the zirconia frameworks 
of 91.5%. Chipping/fracture of the veneering ceramic was detected in 16 FDPs over 10 years 
(complication rate 32%). Zirconia-based FDPs exhibited problems such as marginal deficiency 
or chipping of the veneering ceramic. 
 
Three-Year Clinical Prospective Evaluation of Zirconia-based Posterior FDPs 
 
Beuer et al evaluated posterior three-unit FPDs made of zirconia substructures veneered 
with press-able glass ceramic. Nineteen patients received 21 FPDs replacing the posterior region. 
The FPDs were manufactured from pre-sintered zirconia blocks; Cercon, DeguDent, veneered 
with over-pressed glass-ceramics: Cercon Ceram Express, DeguDent and cemented with glass 
ionomer cement: Ketac Cem, 3M ESPE. Recalls were performed every 12 months with the mean 
service time of 40 months. One maxillary FPD exhibited zirconia framework fracture 30 months 
and the lost retention led to removal at 38 months. The survival probability was 90.5%. They 
determined that over-pressing technique looks to be consistent in terms of the veneering material.  
 
Fatigue and Fracture Properties of Yttria Partially Stabilized Zirconia Crown Systems 
 
Tsalouchou et al. study was to test in vitro fatigue and fracture properties of the Zirconia 
Everest core material after being veneered with a sintered or a heat-pressed veneer material. 50 
zirconium copings were made using Kavo Everest ZS-blanks the CAD/CAM technology. 2 
Groups were used for veneering material. Group 1 – Heat-pressed (IPS e.max ZirPress. Group 2: 
IPS e.max Ceram. Both were subjected to 50,000 cycles of cyclic loading in water. The result 
was no difference in the fatigue properties of sintering or heat pressing veneering material.  
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Core Thickness difference on Post-Fatigue indentation Fracture Resistance of Veneered 
Zirconia 
 
Alhasanyah et al. studies the core thickness of the post-fatigue fracture resistance of 
veneer porcelain on zirconia crown. Prepared were three thickness designs: Group A: 0.6-mm 
thick, Group B: 1.7 mm occlusal, Group C: uniform 1.2 mm thick. CAD/CAM milled. The 
experiment ran over 100,000 fatigue cycles under 200 N maximum forces. The result lead to 
extra-thick occlusal core of 1.7 (Group B) significantly reduce the veneer chipping and fracture 
of zirconia crowns.  
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OBJECTIVES 
 
The objectives of this study were: 
1. Examine differences in aging and fatigue resistance between a machined glass-ceramic 
veneer and a machined feldspathic porcelain veneer.  
2. Determine the differences in failure load between cemented and fused machined veneers 
to zirconia. 
3. Determine the effect of real time aging on the failure load of cemented and fused 
machined veneers to zirconia. 
4. Examine the differences in failure mechanism between fused and cemented veneers. 
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MATERIALS AND METHODS 
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The materials used in this study can be reviewed in (Table 1) with the physical properties listed in (Table 2). 
 
Table 1: Materials and Figures 1-6 explained. 
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Table 2: Physical properties of materials used in the study 
 
 
 
 
 
 
Material 
Coefficient of Thermal 
expansion 
(10-6 · K-1) 
Flexural 
Strength 
(MPa) 
Fracture 
Toughness 
(MPa·m1/2) 
Modulus of 
Elasticity 
(GPa) 
In-Ceram YZ 
25-500°C 
10.5 
>900 5.9 210 
VM9 
25–500°C 
9.0–9.2 
100   
VITABLOCSs  
Triluxe forte 
25-500°C 
9.4 
154  45 
IPS e. max CAD 
100-400°C 
10.2 
100-500°C 
10.5 
360 - 400 2.25 95 
IPS e. max CAD 
Crystall./Connect 
100-400°C 
9.5 
100-500°C 
9.2 
160  65 
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Preparation of Zirconia framework: 
 Standard aluminum die (Figure 7) was placed on a metal holder (Figure 8) then sprayed 
with IPS contrast spray lab side (Ivoclar Vivadent, Liechtenstein) (Figure 9)  and scanned using 
Sirona inEos Blue scanner (Sirona, Bensheim Germany) (Figure 10). The Zirconia substructure 
frameworks (Figure 11) were designed using the Sirona Multilayer technique for three unit fixed 
partial dentures by the Sirona InLab 3D software V3.80. Afterwards, milling was completed by 
Sirona’s CEREC inLab MC XL milling machine (Sirona, Bensheim Germany) (Figures 12). Pre-
sintered zirconia blocks were milled into 20-25% enlarged frameworks with 30 µm virtual 
cement space (Figures 13). Milled zirconia frameworks were thoroughly cleaned and dried, then 
sintered in Vita ZYrcomat T furnace (Vita Zahnfabrik, Germany) (Figure 14) following 
manufacturer’s instructions (Table 3).The external surface of all zirconia frameworks were 
sandblasted with 50-m alumina particles (Aluminum oxide 50m, Renfert GmbH 
industriegebiet, Hilzingen, Germany) using approximately 2.5 bar pressure. Then the 
frameworks were cleaned in an ultrasonic unit for approximately 5 minutes, rinsed thoroughly 
with water spray and dried with oil-free air. 
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Sintering Steps Rising time  Rising rate End temperature  Holding time  
Vita In-Ceram YZ 1.5 h 17°C/minute 1530°C 2 h 
Table 3: Sintering steps for zirconia copings 
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Fabrication of IPS e.max CAD: 
IPS e.max CAD block (Ivoclar Vivadent, Liechtenstein) was milled based on the Sirona 
Multilayer technique of substructure via Sirona InLab 3D software V3.81 (Figure 15) using 
Sirona’s CEREC inLab MC XL milling machine (Sirona, Bensheim Germany). 
 For the cementation groups: 
Glaze paste (IPS e.max® Ceram Glaze paste, Ivoclar Vivadent AG) was mixed with 
liquid (IPS e.max® Ceram Glaze and Stain Liquid, Ivoclar Vivadent AG) (Figure 16) to the 
desired consistency and applied evenly on the entire surface of each specimen. The combination 
firing (crystallization/glaze) (Table 4) was performed according to the manufacturer’s 
recommendations using Programat CS (Ivoclar Vivadent, Liechtenstein) (Figure 17). Then the 
fitting surface of the veneer was etched using 5% hydrofluoric acid (IPS Ceramic etching gel, 
Ivoclar Vivadent, Liechtenstein) (Figure 18) for 20 seconds then thoroughly rinsed with water, 
cleansed in ultrasonic cleaner for 5 minutes and dried with oil-free air. Monobond plus (Figure 
19) was applied to the pre-treated surface with a brush and let it react for 60 seconds. 
Subsequently, it was dispersed with a strong stream of air. A thin layer of luting composite resin 
(Multilink Automix, Ivoclar Vivadent, Liechtenstein) (Figure 20) was applied on the inner 
surface of the veneer and then seated on the zirconia framework with finger pressure. Excess 
cement was removed and each bridge was kept under a static load of 30 N (3kg) for 10 minutes 
in a loading apparatus (Figure 21). Two measurements on the FPD were recorded (before and 
after applying the cement) using a digital micrometer (Mitutoyo Corp. Japan) (Figure 22) to 
make sure there was no significant height change during the cementation. 
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Figure 17: Programat CS Furnace 
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For the fusing group:  
IPS e.max CAD Crystal/Connect was applied into the internal surface of the veneer and 
evenly distributed using Ivomix vibrator (Ivoclar Vivadent, Liechtenstein) (Figure 23). The Vita 
In-Ceram YZ framework was fitted into the veneer with slight pressure using the Ivomix to help 
distribute the fusing material. Excess fusing glass ceramic was removed. Inspection of the IPS e. 
max CAD Crystall/Connect was a concern for the material to be evenly distributed to assure 
there is enough fusing material between the veneer and the zirconia framework. Three 
measurements were recorded on the FPD (before adding the fusing porcelain, after adding the 
fusing porcelain but before sintering, and after sintering) using a digital micrometer (Mitutoyo 
Corp. Japan) to make sure there was no significant height change during the fusing process. The 
glaze paste (IPS e.max® Ceram Glaze paste, Ivoclar Vivadent AG) was mixed with liquid (IPS 
e.max® Ceram Glaze and Stain Liquid, Ivoclar Vivadent AG) following the manufacturer’s 
instructions and applied evenly on the surface of each specimen. It was then subjected to 
crystallization firing using Programat P300/G2, (Ivoclar Vivadent, Liechtenstein). This firing 
served to sinter/fuse the fusing glass-ceramic (Table 5). 
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Table 5: Fusing/Crystallization firing for IPS e. max CAD 
 
 
Figure 23: Ivomix Vibrator 
 
 
Furnaces 
Programat 
Stand-by 
temp. 
°C/°F 
Closin
g Time 
min. 
Heatin
g rate 
°C/°F 
/min 
Firing 
temp. 
°C/°F 
Holdin
g Time 
min. 
Heating 
rate 
°C/°F 
/min 
Firing 
temp. 
°C/°F 
Holding 
time 
min. 
Vacuum 
1 
11 °C/°F 
12 °C/°F 
Vacuum 2 
21 °C/°F 
22 °C/°F 
Long 
term 
cooling 
°C/°F 
Coolin
g rate 
t1 
°C/°F 
 
Fusing/ 
Crystallizatio
n 
403/757 6.00 90/162 820/1508 00:10 30/54 840/1544 7:00 
550/820 
1022/150
8 
820/840 
1508/1540 
700/1292 0 
 
Glaze firing 403/757 6.00 90/162 820/1508 00:10 30/45 840/1544 3:00 
550/820 
1022/150
8 
820/840 
1508/1540 
700/1292 0 
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Fabrication of VITABLOCSS TriLuxe Forte:     
VITABLOCSS TriLuxe Forte (Vita Zahnfabrik, Bad Sackingen, Germany) were milled 
based on Sirona Multilayer technique of substructure via Sirona InLab 3D software V3.81 using 
Sirona’s CEREC inLab MC XL milling machine (Sirona, Bensheim Germany). 
 
For the cementation groups: 
The veneers were glazed by Vita Akzent Glaze spray (Figure 24) and fired according to 
the manufacturer’s recommendations for glaze firing chart (Table 6) using a Vacumat 6000M  
vacuum furnace (Vita-Zahnfabrick, Bad Sackingen, Germany) (Figure 25). Then the fitting 
surface of the veneer was etched using 5% hydrofluoric acid (IPS Ceramic etching gel, Ivoclar 
Vivadent, Liechtenstein) for 60 seconds then thoroughly rinsed with water spray, cleansed in 
ultrasonic cleaner for 5 minutes and dried with oil-free air. Monobond plus was applied to the 
pre-treated surface with a brush and allowed to react for 60 seconds. Next, it was spread with a 
strong stream of air. A thin layer of luting composite resin (Multilink Automix, Ivoclar Vivadent, 
Liechtenstein) was applied on the inner surface of the veneer and then seated on the zirconia 
framework with finger pressure. Excess cement was removed and each bridge was kept under a 
static load of 30 N (3kg) for 10 minutes in a loading apparatus. Two measurements were 
recorded (before and after applying the cement) on the FPD using a digital micrometer (Mitutoyo 
Corp. Japan) to make sure there was no significant height change during the cementation. 
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Figure 24: Vita Akzent Glaze Spray    Figure 25: Vacumat 6000M 
 
 
Table 6: Glaze firing steps for VITABLOCS Triluxe Forte 
 
 
 
 
 
 
 
Firing Steps 
Drying 
Temp. 
°C 
Drying 
Time 
min. 
Rising 
time 
min. 
Rising 
rate 
°C/min 
Final 
Tem. 
°C 
Holding 
time 
min. 
Cooling 
temp. 
°C 
Vacuum 
min. 
Glaze firing 
with Vita 
Akzent 
500 4.00 5.15 80 920 1.00 - - 
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For the fusing group: 
VITABLOCS TriLuxe Forte (Vita Zahnfabrik, Bad Sackingen, Germany) were milled 
based on Sirona Multilayer technique of substructure via Sirona InLab 3D software V3.81 using 
Sirona’s CEREC inLab MC XL milling machine (Sirona, Bensheim Germany). 
These veneer caps were fitted onto zirconia frameworks. The veneer and the framework 
were joined using Vita VM9 feldspathic porcelain. Vita VM9 porcelain was mixed with 
modeling liquid, applied into the internal surface of the veneer cap and evenly distributed using 
Ivomix vibrator (Ivoclar Vivadent, Liechtenstein), then In-Ceram YZ framework was fitted into 
the veneer with slight pressure and excess fusing glass ceramic was removed. VM9 fusing 
material must be evenly squeezed out of the entire circular fusing joint, to make sure there was 
enough fusing material in between veneer and zirconia framework. Three measurements were 
recorded (before adding the fusing porcelain, after adding the fusing porcelain but before 
sintering, and after sintering) using a digital micrometer (Mitutoyo Corp. Japan) to make sure 
there was no significant height change before and after addition of fusing porcelain. After that, 
the glazing material was applied  using Vita Akzent glazing spray, then they were subjected to 
fusing firing in Vacumat 6000 porcelain furnace (Vita Zahnfabrik, Germany) (Table 7). 
Firing Steps 
Drying 
Temp. 
°C 
Drying 
Time 
min. 
Rising 
time 
min. 
Rising 
rate 
°C/min 
Final 
Temp. 
°C 
Holding 
time 
min. 
Cooling 
temp. 
°C 
Vacuum 
min. 
Fusing 
firing 
500 6.00 6:40 66 940 3.00 200 6:40 
Table 7: Fusing firing for VM9/ Glazing VITABLOCS Triluxe Forte 
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Cementation on the aluminum dies 
All bridges were cemented conventionally onto their aluminum dies using resin 
composite cement (Multilink Automix, Ivoclar Vivadent). Steps for cementation were followed 
by manufacturer’s specification. Excess cement was removed and each restoration was kept 
under a static load of 30 N (3kg) for 10 minutes in a loading apparatus. 
 All specimens were kept in a dry area before being stored in an incubator (Figure 26) and 
distilled water under the condition of 37°C for 24 hours before the mechanical testing.  
Aging process:  
All the specimens of aging group kept in a dry area at room temperature for three years 
before being stored in distilled water at the incubator under the condition of 37°C for 24 hours 
before the mechanical testing. 
 
 
 
 
Figure 26: Incubator 
45 
 
Testing Group 
In Ceram Zirconia + Triluxe Forte (Figure 27) 
Cemented 
1. Non-aged 
 Static group 
 Cyclic ( 20K,60K and 80K cycles) 
2. Aged 
 Static group 
 Cyclic ( 20K,60K and 80K cycles) 
 
Fused 
1. Non-aged 
 Static group 
 Cyclic ( 20K,60K and 80K cycles) 
2. Aged 
 Static group 
 
In Ceram Zirconia + e.max (Figure 28) 
Cemented:  
1. Non-aged 
 Static group 
 Cyclic ( 20K,60K and 80K cycles) 
2. Aged 
 Static group 
 Cyclic ( 20K,60K and 80K cycles) 
 
Fused: In Ceram Zirconia + e.max  
1. Non-aged 
 Static group 
 Cyclic ( 20K,60K and 80K cycles) 
2. Aged 
 Static group 
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Figure 27: Study design, YZ-Triluxe Forte 
In-Ceram YZ
Triluxe forte
Fused
aged
Static Loading
n=2
Fused
non-aged
Static Loading
n=7
Cyclic Loading
20K=2 ,60K=1, 80K=1
Cemented
aged
Static Loading
n=5
Cyclic Loading
20K=5, 80K=5
20K 30%load=5
Cemented 
non-aged
Static Loading
n=6
Cyclic Loading
20K=2, 60K=1,80K=1
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Figure 28: Study design, In-Ceram YZ–e.max  
 
 
 
 
In-Ceram YZ
e.max
Fused
aged
Static Loading
n=2
Fused
non-aged
Static Loading
n=6
Cyclic Loading
20K=1 ,60K=1, 80K=1
Cemented
aged
Static Loading
n=6
Cyclic Loading
20K=5, 60K=5, 80K=5
Cemented 
non-aged
Static Loading
n=6
Cyclic Loading
20K=1, 60K=1,80K=1
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Mechanical Testing: 
Failure Load Test 
Load at failure was recorded at the point where a sharp drop in the load occurred.  Each 
specimen was individually mounted in a testing jig and loaded in universal testing machine 
(Model 4202, Instron Co., Norwood, MA)(Figure 29) at 0.5 mm/minute rate until fracture 
(failure load). The Instron machine was connected to a computer with a specifically designed 
program (BlueHill 3 software, Instron Worldwide Headquarters, Norwood, MA). This software 
controlled the testing machine and recorded the breakage load and crown deflection.   
A steel ball, 4.7 mm diameter, placed on the occlusal central fossa of the FPD pontic. A thin 
plastic sheet (0.1mm) placed between the ball and the test specimen to prevent local stress 
concentration. Failure defined as occurrence of visible cracks, porcelain chipping, or acoustic 
events accompanied by a drop in the load by 20%. 
 
Figure 29: Universal testing machine 
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Cyclic Fatigue Test:  
This group was subjected to many cyclic test; 20K, 60K and 80K at a frequency rate of 1 
Hz in a cyclic fatigue device (Pober Industries, Waban MA) (Figures 30) in a distilled water 
bath. The load applied on each specimen was 40% of the mean fracture load of each material. 
The load applied at the center of the pontic of FPD by a 4.7 mm steel ball. After cyclic loading 
was completed, each specimen was examined to detect any cracks or defects. The survived 
specimen was subjected to failure load test. The failure loads were measured in newtons and 
compared with statics groups. Failure modes, cohesive failure (total fracture extending through 
the veneer and coping), adhesive failure (veneer delamination) or veneer failure (veneer crack) 
observed and recorded after each test. 
 
Figure 30: Cyclic loading apparatus, Pober Industries, Waban MA 
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Microstructure Examination: 
Energy Dispersive Spectroscopy (EDS)  
EDS performed to study the chemical composition of the materials. The specimens 
cleaned with isopropyl alcohol for 10 seconds. Then the specimens were sputter coated with 
carbon using Agar SEM carbon coater (Agar scientific, Elektron Technology UK) (Figure 31). 
EDS (Hitachi SU6600- High Resolution Analytical FE-SEM) (Figure 31) performed in the SEM 
using an accelerating voltage of 15 kV for elemental analysis on the zirconia framework. 
 
Figure 31: Agar sputter coating machine 
 
Figure 32: Hitachi SU6600- High Resolution Analytical FE-SEM 
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RESULTS 
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Effect of cyclic fatigue on failure load on aged and non-aged e.max cemented to YZ 
zirconia: 
 
Effect of cyclic fatigue on failure load on aged (A) and non-aged (NA) e.max cemented (CEM) to YZ 
zirconia 
Groups Failure Load (Newton) SIG DIFF 
E.MAX  CEM   NA 2740 A 
20,000 cycles 2168 A 
60,000 cycles 2062 A 
80,000 cycles 2911 A 
   
E.MAX  CEM    A 2374 A 
20,000 cycles 675 B 
60,000 cycles 481 B 
80,000 cycles Failed in cyclic fatigue test C 
Table 8: Effect of cyclic fatigue on failure load on aged and non-aged e.max cemented to YZ 
zirconia.  
 
 
When viewing non-aged e.max veneer cemented to the YZ zirconia group, we found that 
there is no statistically significant difference between the static and the cyclic fatigue groups. 
Also, there was no statistically significant difference within non-aged cyclic fatigue e.max 
veneer cemented to YZ zirconia groups (p˃0.05).When comparing aged e.max veneer cemented 
to YZ zirconia, we found there is a significant difference between the static group and the cyclic 
fatigue groups (p˂0.05). 
When comparing aged e.max veneer cemented to YZ zirconia, there was no significant 
difference between cyclic fatigue groups of 20K and 60K cycles. There is a significant difference 
between cyclic fatigue of 80K cycles and the groups fatigued for 60K and under cycles ( 60K 
and 20K) (p˂0.05). 
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Graph 1: Effect of cyclic fatigue on  failure load on aged and non-aged e.max cemented to YZ 
zirconia.  
 
 
 
Groups SIG DIFF 
E.MAX  CEM   NA A 
20K cycles A 
60K cycles A 
80K cycles A 
 
E.MAX  CEM    A A 
20K cycles B 
60K cycles B 
80K cycles C 
***Groups not connected by same letter are significantly 
different. 
Table 9: The difference of effect of cyclic fatigue failure load on aged and non-aged e.max 
cemented to YZ zirconia analysis using the Tukey-Kramer HSD test.  
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Effect of cyclic fatigue on aged and non-aged e.max fused to YZ zirconia: 
 
Effect of cyclic fatigue on failure load on aged (A) and non-aged (NA) e.max fused to 
YZ zirconia 
Groups Failure Load (Newton) SIG DIFF 
E.MAX  FUSE   NA 2678 A 
20,000 cycles 1909 A 
60,000 cycles 2190 A 
80,000 cycles 1824 A 
   
E.MAX  FUSE   A 2374 A 
Table 10: Effect of cyclic fatigue on failure load on aged and non-aged e.max fused to YZ 
zirconia 
 
 
 
When observing e.max veneer fused to YZ zirconia, there is no significant difference 
between aged e.max fused to YZ zirconia and non-aged static cyclic fatigue groups (p˃0.05). 
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Graph 2: Effect of cyclic fatigue on failure load on aged and non-aged e.max fused to YZ 
zirconia 
 
 
Groups SIG DIFF 
E.MAX  FUSE   NA A 
20K cycles A 
60K cycles A 
80K cycles A 
 
E.MAX  FUSE   A A 
***Groups not connected by same letter are significantly 
different. 
Table 11: The difference effect of cyclic fatigue failure load on aged and non-aged e.max fused 
to YZ zirconia analysis using the Tukey-Kramer HSD test. 
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Effect of cyclic fatigue failure load on aged and non-aged e.max cemented and fused to YZ 
zirconia: 
 
Effect of cyclic fatigue failure load on aged (A) and non-aged 
(NA) e.max cemented (CEM) and fused to YZ zirconia 
Groups Failure Load (Newton) SIG DIFF 
E.MAX  CEM  NA 2740 A 
20,000 cycles 2168 ABCD 
60,000 cycles 2062 ABCD 
80,000 cycles 2911 ABC 
 
E.MAX  CEM   A 2374 AB   
20,000 cycles 675 BCD  
60,000 cycles 481 CD 
80,000 cycles Failed in the cyclic fatigue  D 
 
E.MAX  FUSE   NA 2678 A 
20,000 cycles 1909 ABCD 
60,000 cycles 2190 ABCD 
80,000 cycles  1824 ABCD 
 
E.MAX  FUSE   A 2433 ABCD  
Table 12: Effect of cyclic fatigue on failure load on aged and non-aged e.max cemented and 
fused to YZ zirconia 
 
 
 
There was no significant difference between non-aged (static and fatigued) e.max veneer 
cemented and non-aged (static and cyclic) fused to YZ zirconia groups (p˃0.05). 
In addition, we found a significant difference between aged e.max fused to YZ zirconia, 
non-aged (static and cyclic) cemented to YZ zirconia and aged fatigued e.max cemented to YZ 
zirconia (p˂0.05). 
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Graph 3: Effect of cyclic fatigue failure load on aged and non-aged e.max cemented and fused to 
YZ zirconia 
 
Groups SIG DIFF  
E.MAX  CEM  NA A 
20K cycles ABCD 
60K cycles ABCD 
80K cycles ABC 
 
E.MAX  CEM   A AB   
20K cycles BCD  
60K cycles CD 
80K cycles D 
 
E.MAX  FUSE   NA A 
20K cycles ABCD 
60K cycles ABCD 
80K cycles ABCD 
 
E.MAX  FUSE   A ABCD  
*** Groups not connected by same letter are 
significantly different. 
Table 13: The difference of cyclic fatigue failure load on aged and non-aged e.max cemented and 
fused to YZ zirconia analysis using the Tukey-Kramer HSD test. 
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Effect of cyclic fatigue failure load on aged and non-aged Triluxe cemented to YZ zirconia: 
 
Effect of cyclic fatigue failure load on aged (A) and non-aged (NA) Triluxe cemented (CEM) 
to YZ zirconia 
Groups Failure Load (Newton) SIG DIFF 
TRILUXE CEM A 1805 A 
20,000 cycles Failed in cyclic fatigue B 
60,000 cycles Failed in cyclic fatigue  B 
80,000 cycles Failed in cyclic fatigue  B 
20,000/30% load of failure 1468 Not applicable  
 
TRILUXE CEM NA 1950 A 
20,000 cycles 2218 A 
60,000 cycles 1910 A 
80,000 cycles 1765 A 
Table 14: Effect of cyclic fatigue on failure load on aged and non-aged Triluxe cemented to YZ 
zirconia 
 
When observing aged Triluxe veneer cemented to YZ zirconia, there was a significant 
difference between the static aged Triluxe cemented to YZ and the fatigued aged Triluxe 
cemented to YZ zirconia groups (20K, 60K and 80K cycles) (p˂0.05).  
There is no significant difference between the static non-aged Triluxe veneer cemented to 
YZ zirconia and non-aged fatigued Triluxe cemented to YZ zirconia groups (20K, 60K and 80K 
cycles)  (p˃0.05). 
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Graph 4: Effect of cyclic fatigue failure load on aged and non-aged Triluxe cemented to YZ 
zirconia 
 
 
 
Groups SIG DIFF 
TRILUXE CEM A A 
20K cycles B 
60K cycles  B 
80K cycles B 
 
TRILUXE CEM NA A 
20K cycles A 
60K cycles A 
80K cycles A 
***Groups not connected by same letter are significantly 
different. 
Table 15: The difference of cyclic fatigue failure load on aged and non-aged Triluxe cemented to 
YZ zirconia analysis using the Tukey-Kramer HSD test. 
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Effect of cyclic fatigue failure load on aged and non-aged Triluxe fused to YZ zirconia: 
 
Effect of cyclic fatigue failure load on aged (A) and non-aged (NA) Triluxe fused to YZ 
zirconia 
Groups Failure Load(Newton) SIG DIFF 
TRILUXE  FUSE   NA 966 A 
20,000 cycles 787 A 
60,000 cycles 628 A 
80,000 cycles 561 B 
 
TRILUXE  FUSE    A 1044 A 
Table 16: Effect of cyclic fatigue on failure load on aged and non-aged Triluxe fused to YZ 
zirconia. 
 
 
When viewing the aged and non-aged Triluxe veneer fused to YZ zirconia, there was a 
significant difference between the 80K fatigued non-aged Triluxe fused to YZ zirconia and aged, 
non aged ( static, fatigued 60K cycles and under) Triluxe fused to YZ zirconia (p˂0.05). 
 
 
 
 
 
Graph 5: Effect of cyclic fatigue failure load on aged and non-aged Triluxe fused to YZ zirconia 
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Groups SIG DIFF 
TRILUXE  FUSE   NA A 
20K cycles A 
60K cycles A 
80K cycles B 
 
TRILUXE  FUSE  A A 
*** Groups not connected by same letter are significantly 
different. 
Table 17: The difference of cyclic fatigue failure load on aged and non-aged Triluxe fused to YZ 
zirconia analysis using the Tukey-Kramer HSD test. 
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Effect of cyclic fatigue on failure load on aged and non-aged Triluxe cemented and fused to 
YZ zirconia: 
 
Effect of cyclic fatigue on failure load on aged (A) and non-aged (NA) Triluxe cemented 
(CEM) and fused to YZ zirconia 
Groups Failure Load (Newton) SIG DIFF 
TRILUXE CEM A 1805 AB 
20,000 cycles Failed in the cyclic fatigue E 
60,000 cycles Failed in the cyclic fatigue  E 
80,000 cycles Failed in the cyclic fatigue E 
20,000/30% load of failure 1468 Not applicable 
 
TRILUXE CEM NA 1950 A 
20,000 cycles 2218 A 
60,000 cycles 1910 AB 
80,000 cycles 1765 ABC 
 
TRILUXE FUSE NA 966 CD 
20,000 cycles 787 CD 
60,000 cycles 628 D 
80,000 cycles 561 D 
 
TRILUXE FUSE A 1044 BCD 
Table 18: Effect of cyclic on fatigue failure load on aged and non-aged Triluxe cemented and 
fused to YZ zirconia. 
 
There was a significant difference when comparing between the non-aged Triluxe veneer 
cemented to YZ zirconia and the non-aged Triluxe veneer fused to YZ zirconia (p˂0.05).  
Moreover, there was a significant difference between the fatigued (20K, 60K and 80K cycles)  
aged Triluxe cemented to YZ zirconia and all the other groups (p˂0.05).  
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Graph 6: Effect of cyclic fatigue on failure load on aged and non-aged Triluxe cemented and 
fused to YZ zirconia 
 
Groups SIG DIFF  
TRILUXE CEM A AB 
20K cycles E 
60K cycles E 
80K cycles E 
 
TRILUXE CEM NA A 
20K cycles A 
60K cycles AB 
80K cycles ABC 
 
TRILUXE FUSE NA CD 
20K cycles CD 
60K cycles D 
80K cycles D 
 
TRILUXE FUSE A BCD 
***Groups not connected by same letter are 
significantly different. 
Table 19: The difference of cyclic fatigue failure load on aged and non-aged Triluxe cemented 
and fused to YZ zirconia analysis using the Tukey-Kramer HSD test. 
∎ Triluxe cemented non-aged  
∎ Triluxe cemented aged 
∎ Triluxe fused non-aged 
∎ Triluxe fused aged 
64 
 
Effect of cyclic fatigue on failure load on non-aged Triluxe and e.max fused to YZ zirconia: 
 
Effect of cyclic fatigue on failure load on non-aged (NA) Triluxe and e.max fused to YZ 
zirconia 
Groups Failure Load (Newton) SIG DIFF 
E.MAX     FUSE  NA 2678 A 
20,000 cycles 1909 AB 
60,000 cycles 2190 AB 
80,000 cycles 1824 AB 
 
TRILUXE  FUSE NA 966 B 
20,000 cycles 787 B 
60,000 cycles 628 B 
80,000 cycles 561 C 
Table 20: Effect of cyclic fatigue on failure load on non-aged Triluxe and e.max fused to YZ 
zirconia 
 
 
When comparing the non-aged e.max veneer fused to YZ zirconia group and non-aged 
Triluxe veneer fused to YZ zirconia group, there was a significant difference between the non-
aged e.max veneer fused to YZ zirconia group and non-aged (static and fatigued) Triluxe veneer 
fused to YZ zirconia groups (p˂0.05). In addition, there was a significant difference between the 
non-aged  fatigued e.max fused o YZ zirconia and the 80K fatigued non-aged Triluxe fused to 
YZ zirconia (p˂0.05). 
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Graph 7: Effect of cyclic fatigue on failure load on non-aged Triluxe and e.max fused to YZ 
zirconia 
 
 
 
 
Groups SIG DIFF  
E.MAX       FUSE    NA A 
20K40 AB 
60K40 AB 
80K40 AB 
 
TRILUXE  FUSE   NA B 
20K40 B 
60K40 B 
80K40 C 
***Groups not connected by same letter 
are significantly different 
Table 21: The difference of non-aged e.max and Triluxe fused to YZ zirconia groups analysis 
using the Tukey-Kramer HSD test. 
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Effect of cyclic fatigue on failure load on non-aged e.max and Triluxe cemented to YZ 
zirconia: 
 
Effect of cyclic fatigue on failure load on non-aged (NA) e.max and Triluxe cemented (CEM) to 
YZ zirconia 
Groups Failure Load (Newton) SIG DIFF 
E.MAX CEM NA 2740 A 
20,000 cycles 2168 A 
60,000 cycles 2062 A 
80,000 cycles 2911 A 
 
TRILUXE CEM NA 1950 A 
20,000 cycles 2218 A 
60,000 cycles 1910 A 
80,000 cycles 1765 B 
Table 22: Effect of cyclic fatigue on failure load on non-aged e.max and Triluxe cemented to YZ 
zirconia 
 
 
When comparing between the non-aged e.max veneer cemented to YZ zirconia group and 
the non-aged Triluxe veneer cemented to YZ zirconia, there was a statistical significant 
difference between the non-aged (static and fatigue) e.max cemented to YZ zirconia  and the 
80K fatigued non-aged Triluxe cemented to YZ zirconia (p˂0.05). 
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Graph 8: Effect of cyclic fatigue failure load on non-aged e.max and Triluxe cemented to 
YZ zirconia. 
 
 
 
 
 
Groups SIG DIFF 
E.MAX  CEM     NA A 
20K cycles A 
60K cycles A 
80K cycles A 
 
TRILUXE CEM NA A 
20K cycles A 
60K cycles A 
80Kcycles  B 
***Groups not connected by same letter 
are significantly different 
Table 23: The difference of non-aged e.max and Triluxe cemented to YZ zirconia groups 
analysis using the Tukey-Kramer HSD test. 
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Comparison of non-aged e.max and Triluxe cemented and fused to YZ zirconia groups: 
 
Comparison of non-aged (NA) e.max and Triluxe  cemented (CEM) and fused to YZ 
zirconia  
Groups Failure Load (Newton) SIG DIFF 
E.MAX       CEM  NA 2740 A 
E.MAX       FUSE NA 2678 A 
TRILUXE  CEM  NA 1950 AB 
TRILUXE  FUSE NA 966 B 
Table 24: Mean of failure load of non-aged e.max and Triluxe cemented and fused to 
 YZ zirconia 
 
 
 
 
When we compare between the non-aged e.max veneer (cemented or fused) to YZ 
zirconia  and  Triluxe veneer (cemented or fused) to YZ zirconia, there was a statistically 
significant difference between non-aged Triluxe veneer fused to YZ zirconia group and non-aged 
e.max veneer (cemented or fused) to YZ zirconia (p˂0.05). 
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Graph 9: Comparison of non-aged e.max and Triluxe cemented and fused to YZ zirconia groups 
 
 
 
Groups SIG DIFF  
E.MAX       CEM        NA A 
E.MAX       FUSE       NA A 
TRILUXE   CEM        NA AB 
TRILUXE   FUSE       NA B 
*** Groups not connected by same letter are 
significantly different. 
Table 25: The difference of non-aged e.max and Triluxe cemented and fused to YZ zirconia 
groups analysis using the Tukey-Kramer HSD test. 
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MODE OF FAILURE 
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e.max fused to YZ  group: 
 
 
Site Cohesive failure  Adhesive failure Veneer failure  
Pontic 0 5 1 
Connector 1 0 0 
Coping 1 0 0 
Pontic & 
connector 
2 0 0 
Connector & 
coping 
1 0 0 
Pontic , connector 
& coping 
0 0 0 
Table 26: Mode of Failure of YZ e.max fused group 
 
 
 
Graph 10: Mode of failure of E.max fused to YZ zirconia 
 
 
In YZ-e.max fused group, there were five incidences of adhesive failure at the pontic area 
and two incidences of cohesive failure at the pontic and connector area together. There was one 
incidence of cohesive at coping, connector and connector & coping area as well as one other 
incidence of veneer failure at the pontic area. (Figures 33-38)  
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Connector
Coping
Pontic & connector
Connector & coping
Pontic , connector & coping
Mode of failure of Emax fused to YZ group 
YZ-Emax Fused Veneer failure YZ-Emax Fused Adhesive failure
YZ-Emax Fused Cohesive failure
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e.max fused to YZ group: 
 
    
 
Figure 33: Sample# 1 (YZ-e.max Fused) 
    
Figure 34: Sample# 2(YZ-e.max Fused) 
 
    
Figure 35: Sample# 14 (YZ-e.max Fused) 
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Figure 36: Sample# 9 (YZ-e.max Fused) 
 
   
Figure 37: Sample# 13 (YZ-e.max Fused) 
 
    
Figure 38: Sample# 10 (YZ-e.max Fused) 
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e.max cemented to YZ group: 
 
Site Cohesive Failure Adhesive Failure Veneer failure 
Pontic 1 1 0 
Connector 0 0 0 
Coping 0 0 0 
Pontic & connector 0 0 0 
Connector & 
coping 
0 0 0 
Pontic , connector 
& coping 
0 4 0 
Table 27: Failure mode of YZ e.max cemented group 
 
 
Graph 11: Mode of failure of e.max cemented to YZ zirconia 
 
 
In the YZ-e.max cemented group there are four incidences of adhesive failure in the 
pontic, connector & coping area as well as an incidence of 1 specimen of adhesive and cohesive 
at the pontic area (Figures39-43) 
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YZ-Emax Cemented Veneer failure YZ-Emax Cemented Adhesive failure
YZ-Emax Cemented Cohesive failure
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e.max cemented to YZ group: 
 
  
Figure 39: Sample# 13 (YZ-e.max cemented) 
 
  
Figure 40: Sample# 12 (YZ-e.max cemented) 
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Figure 41: Sample# 11 (YZ-e.max cemented) 
 
  
Figure 42: Sample# 1 (YZ-e.max cemented) 
 
  
Figure 43: Sample# 8 (YZ-e.max cemented) 
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Triluxe fused to YZ group: 
 
Site Cohesive failure Adhesive 
failure 
Veneer failure 
Pontic 0 1 0 
Connector  0 0 
Coping 0 0 0 
Pontic & connector 0 0 0 
Connector & 
coping 
0 0 0 
Pontic , connector 
& coping 
0 4 0 
Table 28: Failure mode of YZ-Triluxe fused group 
 
 
 
Graph 12: Mode of failure of Triluxe fused to YZ zirconia 
 
 
             In YZ-Triluxe fused group there are four incidences of adhesive failure at the pontic, 
connector & coping area as there is one incidence of adhesive failure at the pontic area 
(Figures44-48) 
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Mode of failure of Triluxe fused to YZ group
YZ-Triluxe fused group Veneer failure YZ-Triluxe fused group Adhesive failure
YZ-Triluxe fused group Cohesive failure
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Triluxe fused to YZ group: 
 
  
Figure 44: Sample# 13 (YZ -Triluxe, fused) 
 
   
Figure 45: Sample# 8 (YZ-Triluxe, fused) 
 
  
Figure 46: Sample# 14 (YZ-Triluxe fused) 
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Figure 47: Sample# 16 (YZ-Triluxe fused) 
 
 
  
Figure 48: Sample# 11 (YZ-Triluxe fused) 
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Triluxe cemented to YZ group: 
 
Site Cohesive failure Adhesive 
failure 
Veneer failure 
Pontic 0 2 0 
connector 0 0 0 
Coping 0 0 0 
Pontic & connector 1 1 0 
connector & coping 0 0 0 
Pontic , connector 
& coping 
0 3 0 
Table 29: Failure mode of YZ-Triluxe cemented group 
 
 
 
Graph 13: Mode of failure of Triluxe cemented to YZ zirconia 
 
 
In YZ-Triluxe cemented group there are three incidences of adhesive failure at the pontic, 
connector & coping area as well as two incidences at pontic area, also we can see one incidence 
of cohesive and adhesive failure at pontic & connector area (Figures 49-54). 
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Mode of failure of Triluxe cemented to YZ group
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Triluxe cemented to YZ group: 
 
   
Figure 49: Sample# 13 (YZ-Triluxe cemented) 
 
   
Figure 50: Sample# 12 (YZ-Triluxe cemented) 
 
   
Figure 51: Sample# 11 (YZ-Triluxe cemented) 
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Figure 52: Sample# 1 (YZ-Triluxe cemented) 
 
   
Figure 53: Sample# 3 (YZ-Triluxe cemented) 
 
   
Figure 54: Sample# 5 (YZ-Triluxe cemented) 
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20K cycles 40% of load e.max fused to YZ zirconia: 
 
Sample#  Mode of Failure Site 
16 Cohesive 
Adhesive 
Pontic & connector 
Pontic 
Table 30: Failure mode of 20K cycles 40% of load e.max fused to YZ zirconia 
 
 
 
In YZ-e.max fused group that subjected to 20K cycles of the cycle fatigue showed 
adhesive failure at the pontic and cohesive failure at the pontic & connector area (Figure 55). 
 
 
 
 
 
   
Figure 55: Sample# 16 (YZ-e.max fused 20K) 
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Mode of failure of 20K cycles 40% of load E.max cemented to YZ zirconia: 
 
Sample#  Mode of Failure Site 
2 Cohesive 
Adhesive 
 Pontic & connector 
Pontic 
Table 31: Mode of failure of 20K cycles 40% of load E.max cemented to YZ zirconia 
 
 
 
In YZ-E.max cemented group that subjected to 20K cycles of the cycle fatigue showed 
adhesive failure at the pontic and cohesive failure at the pontic & connector area (Figure 56). 
 
 
 
 
 
   
Figure 56: Sample# 2 (YZ-e.max cemented 20K) 
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Mode of failure of 60K cycles 40% of load e.max fused to YZ zirconia: 
 
Sample#  Mode of Failure Site 
12 Cohesive 
Adhesive 
 Pontic & connector 
Pontic 
Table 32: Mode of failure of 60K cycles 40% of load e.max fused to YZ zirconia: 
 
 
In YZ-e.max fused group that subjected to 60K cycles of the cycle fatigue showed 
adhesive failure at the pontic and cohesive failure at the pontic & connector area (Figure 57). 
 
 
 
 
    
Figure 57: Sample# 12 (YZ-e.max fused 60K) 
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Mode of failure of 60K cycles 40% of load e.max cemented to YZ zirconia: 
 
Sample#  Mode of Failure Site 
6 Adhesive Pontic ,connector & 
coping 
Table 33: Mode of failure of 60K cycles 40% of load e.max cemented to YZ zirconia 
 
 
 
In YZ-E.max cemented group that subjected to 60K cycles of the cycle fatigue showed 
adhesive failure at the pontic, connector & coping area (Figure 58). 
 
 
 
   
Figure 58: Sample# 6 (YZ-e.max cemented 60K) 
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Mode of failure of 80K cycles 40% of load e.max fused to YZ zirconia: 
 
Sample#  Mode of Failure Site 
3 Adhesive Pontic ,connector & 
coping 
Table 34: Mode of failure 80K cycles 40% of load e.max fused to YZ zirconia 
 
 
 
In YZ-e.max fused group that subjected to 80K cycles of the cycle fatigue showed 
adhesive failure at the pontic, connector & coping area (Figure 59). 
 
 
 
   
Figure 59: Sample# 3 (YZ-e.max fused 80K) 
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Mode of failure of 80K cycles 40% of load E.max cemented to YZ zirconia: 
 
Sample#  Mode of Failure Site 
11 Cohesive Connector & coping 
Table 35: Mode of failure 80K cycles 40% of load e.max cemented to YZ zirconia 
 
 
 
In YZ-e.max cemented group that subjected to 80K cycles of the cycle fatigue showed a 
cohesive failure at the connector & coping area (Figure 60). 
 
 
 
  
Figure 60: Sample# 11 (YZ-e.max cemented 80K) 
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Mode of failure of 20K cycles 40% of load Triluxe fused to YZ zirconia: 
 
Sample# Mode of Failure Site 
2 Cohesive 
Adhesive 
Coping 
Pontic, connector & 
coping 
3 Adhesive Coping, connector & 
coping 
Table 36: Mode of failure 20K cycles 40% of load Triluxe fused to YZ zirconia 
 
 
In YZ-Triluxe fused group that subjected to 20K cycles of the cycle fatigue showed one 
incidence of cohesive failure at coping area and two incidences of adhesive failure at the coping, 
connector & coping area (Figures 61-62). 
 
   
Figure 61: Sample# 2 (YZ-Triluxe fused 20K) 
 
  
Figure 62: Sample# 3 (YZ-Triluxe fused 20K) 
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Mode of failure of 20K cycles 40% of load Triluxe cemented to YZ zirconia: 
 
Sample#  Mode of Failure Site 
1  Veneer  Pontic 
8 Adhesive Pontic 
Table 37: Mode of failure 20K cycles 40% of load Triluxe cemented to YZ zirconia 
 
 
In YZ-Triluxe cemented group that subjected to 20K cycles of the cycle fatigue showed 
one incidence of cohesive and veneer failure at pontic (Figures 63-64). 
 
 
    
Figure 63: Sample# 1 (YZ-Triluxe cemented 20K) 
 
   
Figure 64: Sample# 8 (YZ-Triluxe cemented 20K) 
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Mode of failure of 60K cycles 40% of load Triluxe fused to YZ zirconia: 
 
Sample#  Mode of Failure Site 
9 Adhesive  Pontic, connector & 
coping 
Table 38: Mode of failure 60K cycles 40% of load Triluxe fused to YZ zirconia 
 
 
 In YZ-Triluxe fused group that subjected to 60K cycles of the cycle fatigue showed one 
incidence of adhesive failure at pontic, connector & coping area (Figure 65). 
 
 
 
 
    
Figure 65: Sample# 9 (YZ-Triluxe fused 60K) 
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Mode of failure of 60K cycles 40% of load Triluxe cemented to YZ zirconia: 
 
Sample#  Mode of Failure Site 
7 Veneer  
Cohesive 
Coping 
Pontic, connector & 
coping 
Table 39: Mode of failure 60K cycles 40% of load Triluxe cemented to YZ zirconia 
 
 
In YZ-Triluxe cemented group that subjected to 60K cycles of the cycle fatigue showed 
an incidence of veneer failure at coping area and a cohesive failure at pontic, connector & coping 
area (Figure 66). 
 
 
 
  
Figure 66: Sample# 7 (YZ-Triluxe cemented 60K) 
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Mode of failure of 80K cycles 40% of load Triluxe fused to YZ zirconia: 
 
Sample#  Mode of Failure Site 
6 Adhesive Pontic, connector & 
coping 
Table 40: Mode of failure 80K cycles 40% of load Triluxe fused to YZ zirconia 
 
 
 
In YZ-Triluxe fused group that subjected to 80K cycles of the cycle fatigue showed one 
incidence of adhesive failure at pontic, connector & coping area (Figure 67). 
 
 
 
   
Figure 67: Sample# 6 (YZ-Triluxe fused 80K) 
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Mode of failure of 80K cycles 40% of load Triluxe cemented to YZ zirconia: 
 
Sample#  Mode of Failure Site 
4 Adhesive 
 
             Pontic 
Table 41: Mode of failure 80K cycles 40% of load Triluxe cemented to YZ zirconia 
 
 
 
In YZ-Triluxe cemented group that subjected to 80K cycles of the cycle fatigue showed 
one incidence of adhesive failure at pontic area (Figure 68). 
 
 
 
 
  
Figure 68: Sample# 4 (YZ-Triluxe cemented 80K) 
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Aged 20K cycles e.max cemented to YZ zirconia: 
 
Site Cohesive failure Adhesive failure Veneer failure  
Pontic 0 1 0 
Connector 0 0 0 
Coping 0 0 0 
Pontic & connector 0 0 3 
Connector & coping 0 0 0 
Pontic , connector & 
coping 
0 0 1 
Table 42: Mode of failure aged 20K cycles e.max cemented to YZ zirconia 
 
 
Graph 14: Mode of failure of aged 20K e.max cemented to YZ zirconia 
 
 
In YZ-e.max cemented aged group that subjected to 20K cycles in cyclic fatigue test; 
there are three incidences of  veneer failure at the pontic & connector area and one at pontic, 
connector & coping area , as there is one incidence of adhesive failure at the pontic area (Figures 
69-73). 
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Aged 20K cycles e.max cemented to YZ zirconia: 
 
 
 
Figure 69: Sample# 14 (YZ-e.max cemented aged 20K) 
 
 
  
Figure 70: Sample# 15 (YZ-e.max cemented aged 20K) 
 
 
 
  
Figure 71: Sample# 16 (YZ-e.max cemented aged 20K) 
97 
 
 
   
Figure 72: Sample# 17 (YZ-e.max cemented aged 20K) 
 
    
Figure 73: Sample# 18 (YZ-e.max cemented aged 20K) 
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Aged 60K cycles e.max cemented to YZ zirconia: 
 
Site Cohesive failure Adhesive failure Veneer failure 
Pontic 0 0 0 
Connector 0 0 0 
Coping 0 0 0 
Pontic & connector 0 0 3 
Connector & 
coping 
0 0 0 
Pontic , connector 
& coping 
0 0 0 
Table 43: Mode of failure aged 60K cycles e.max cemented to YZ zirconia 
 
 
 
Graph 15: Mode of failure of aged 60K e.max cemented to YZ zirconia 
 
 
In YZ-e.max cemented aged group that subjected to 60K cycles in cyclic fatigue test; 
there are three incidences of veneer failure at the pontic & connector area (Figures 74-78). 
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Aged 60K cycles e.max cemented to YZ zirconia: 
 
 
   
Figure 74: Sample# 19 (YZ-e.max cemented aged 60K) 
 
   
Figure 75: Sample# 20 (YZ-e.max cemented aged 60K) 
 
  
Figure 76: Sample# 21 (YZ-e.max cemented aged 60K) 
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Figure 77: Sample# 22 (YZ-e.max cemented aged 60K) 
 
  
Figure 78: Sample# 23 (YZ-e.max cemented aged 60K) 
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Mode of Failure of aged 80K cycles e.max cemented to YZ zirconia: 
 
Site Cohesive failure Adhesive failure Veneer Failure  
Pontic 0 1 0 
Connector 0 0 0 
Coping 0 0 0 
Pontic & connector 0 0 0 
Connector & coping 0 0 0 
Pontic , connector & 
coping 
0 4 0 
Table 44: Mode of failure aged 80K cycles e.max cemented to YZ zirconia 
 
 
 
 
Graph 16: Mode of failure of aged 80K e.max cemented to YZ zirconia 
 
 
In YZ-E.max cemented aged group that subjected to 80K cycles in cyclic fatigue test; there are 
four incidences of adhesive failure at the pontic, connector & coping area as well as one 
incidence of adhesive failure at the pontic area (Figures 79-83). 
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Mode of Failure of aged 80K cycles e.max cemented to YZ zirconia: 
 
   
Figure 79: Sample# 24 (YZ-e.max cemented aged 80K) 
 
  
Figure 80: Sample# 25 (YZ-e.max cemented aged 80K) 
 
    
Figure 81: Sample# 26 (YZ-e.max cemented aged 80K) 
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Figure 82: Sample# 27 (YZ-e.max cemented aged 80K) 
 
    
Figure 83: Sample# 28 (YZ-e.max cemented aged 80K) 
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Mode of failure of aged 20K cycles Triluxe cemented to YZ zirconia: 
 
Site Cohesive failure Adhesive failure Veneer failure 
Pontic 0 2 1 
Connector 0 0 0 
Coping 0 0 0 
Pontic & connector 0 0 0 
Connector & 
coping 
0 0 0 
Pontic , connector 
& coping 
0 6 0 
Table 45: Mode of failure aged 20K cycles Triluxe cemented to YZ zirconia 
 
 
 
Graph 17: Mode of failure of aged 20K Triluxe cemented to YZ zirconia 
 
 
In YZ-Triluxe cemented aged group that subjected to 20K cycles in cyclic fatigue test; 
there are six incidences of adhesive failure at the pontic, connector & coping area and two 
adhesive failure at the pontic area only  as well as one incidence of veneer failure at the pontic 
area (Figures 84-90). 
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YZ-triluxe aged  Cemented 20k  Cohesive failure
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Mode of failure of aged 20K cycles Triluxe cemented to YZ zirconia: 
 
   
Figure 84: Sample# 16 (YZ-Triluxe cemented aged 20K) 
 
 
   
Figure 85: Sample# 17 (YZ-Triluxe cemented aged 20K) 
 
   
Figure 86: Sample#18 (YZ-Triluxe cemented aged 20K) 
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Figure 87: Sample# 19 (YZ-Triluxe cemented aged 20K) 
 
 
  
Figure 88: Sample# 25 (YZ-Triluxe cemented aged 20K) 
 
   
Figure 89: Sample# 26 (YZ-Triluxe cemented aged 20K) 
 
 
 
107 
 
   
Figure 90: Sample# 27 (YZ-Triluxe cemented aged 20K) 
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Mode of failure of aged e.max fused to YZ zirconia: 
 
Site Cohesive failure Adhesive 
failure 
Veneer failure 
Pontic 0 0 1 
Connector 0 0 0 
Coping 0 0 0 
Pontic & connector 1 0 0 
Connector & coping 0 0 0 
Pontic , connector & 
coping 
0 0 0 
Table 46: Mode of failure aged e.max fused to YZ zirconia 
 
 
 
Graph 18: Mode of failure of aged E.max fused to YZ zirconia 
 
 
In YZ-e.max fused aged group there is one incidence of veneer failure at the pontic area 
and one incidence of cohesive failure at the pontic & connector area (Figures 91-92). 
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Mode of failure of aged e.max fused to YZ zirconia: 
 
  
Figure 91: Sample# 6 (YZ-e.max fused aged) 
 
 
 
 
  
Figure 92: Sample# 7 (YZ-e.max fused aged) 
 
 
 
 
 
 
 
 
 
 
  
110 
 
Mode of Failure of aged Triluxe fused to YZ zirconia: 
Site Cohesive failure Adhesive failure Veneer failure 
Pontic 0 0 0 
Connector 0 0 0 
Coping 1 0 0 
Pontic & connector 0 0 0 
Connector & coping 0 0 0 
Pontic , connector & 
coping 
0 2 0 
Table 47: Mode of failure aged Triluxe fused to YZ zirconia 
 
 
Graph 19: Mode of failure of aged Triluxe fused to YZ zirconia 
 
 
In YZ-Triluxe fused aged group there is one incidence of cohesive failure at the coping 
area and two incidences of adhesive failure at the pontic, connector & coping area (Figures 93-
94). 
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Mode of Failure of aged Triluxe fused to YZ zirconia: 
 
   
Figure 93: Sample# 1 (YZ-Triluxe fused aged) 
 
 
 
  
Figure 94: Sample# 7 (YZ-Triluxe fused aged) 
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Mode of failure of aged e.max cemented to YZ zirconia: 
 
Site Cohesive failure Adhesive failure Veneer failure 
Pontic 0 1 0 
Connector 1 0 0 
Coping 0 0 0 
Pontic & 
connector 
1 0 0 
Connector & 
coping 
0 0 0 
Pontic , connector 
& coping 
0 4 0 
Table 48: Mode of failure of aged e.max cemented to YZ zirconia 
 
 
 
 
Graph 20: Mode of failure of aged e.max cemented to YZ zirconia 
 
In YZ-e.max cemented aged group there is one incidence of adhesive failure at the pontic 
area and one incidence of cohesive failure at the connector as well as four incidences of adhesive 
failure at the pontic, connector & coping area (Figures 95-100). 
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Mode of failure of aged e.max cemented to YZ zirconia: 
 
   
Figure 95: Sample# 3 (YZ-e.max cemented aged) 
 
 
  
Figure 96: Sample# 29 (YZ-e.max cemented aged) 
 
 
   
Figure 97: Sample# 30 (YZ-e.max cemented aged) 
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Figure 98: Sample# 31 (YZ-e.max cemented aged) 
 
 
   
Figure 99: Sample# 32 (YZ-e.max cemented aged)  
 
   
Figure 100: Sample# 33 (YZ-e.max cemented aged) 
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Mode of failure of aged 20K cycles 40% of load e.max cemented to YZ zirconia: 
Site Cohesive 
failure 
Adhesive 
failure 
Veneer failure 
Pontic 0 0 0 
Connector 0 0 0 
Coping 0 0 0 
Pontic & connector 0 0 0 
Connector & coping 0 0 0 
Pontic , connector & 
coping 
0 1 0 
Table 49: Mode of failure of aged 20K cycles 40% of load e.max cemented to YZ zirconia 
 
 
 
 
Graph 21: Mode of failure of aged 20K e.max cemented to YZ zirconia 
 
In YZ-e.max aged cemented 20K cycles group there is one sample survived with 
adhesive failure at the pontic, connector & coping area (Figure 101). 
 
 
0 0.2 0.4 0.6 0.8 1 1.2
Pontic
Connector
Coping
Pontic & connector
Connector & coping
Pontic , connector & coping
Mode of failure of YZ-E.max aged cemented 20K cycles 40% of 
load group 
YZ-Emax CAD cemented aged 20k cycles, 40% of load  group Structural failure
YZ-Emax CAD cemented aged 20k cycles, 40% of load  group Adhesive failure
YZ-Emax CAD cemented aged 20k cycles, 40% of load  group Cohesive failure
116 
 
Mode of Failure of aged 20K e.max cemented to YZ zirconia: 
  
Figure 101: Sample# 15 (YZ-e.max cemented aged 20K 40%) 
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Mode of failure of aged 60K cycles 40% of load cemented to YZ zirconia: 
 
Site Cohesive failure Adhesive failure Veneer failure 
Pontic 0 0 0 
Connector 1 0 0 
Coping 0 0 0 
Pontic & connector 0 0 0 
Connector & coping 0 0 0 
Pontic , connector & 
coping 
0 2 0 
Table 50: Mode of failure of aged 60K cycles 40% of load cemented to YZ zirconia 
 
 
Graph 22: Mode of failure of aged 60K e.max cemented to YZ zirconia 
 
In YZ-e.max cemented aged 60K cycles group there are two samples survived and 
showed two incidences of adhesive failure at pontic, connector & coping area and one incidence 
of cohesive failure at connector area (Figures 102-103). 
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Mode of failure of aged 60K cycles 40% of load cemented to YZ zirconia: 
 
 
  
Figure 102: Sample# 19 (YZ-e.max cemented aged 60K 40%) 
 
    
Figure 103: Sample# 20 (YZ-e.max cemented aged 60K 40%) 
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Mode of failure of aged 20K cycles 30% of load Triluxe cemented to YZ zirconia:  
Site Cohesive failure  Adhesive failure Veneer failure 
Pontic 0 0 0 
Connector 0 0 0 
Coping 0 0 0 
Pontic & connector 0 0 0 
Connector & coping 0 0 0 
Pontic , connector & 
coping 
0 2 0 
Table 51: Mode of failure of aged 20K cycles 30% of load Triluxe cemented to YZ zirconia 
 
 
 
 
Graph 23: Mode of failure of aged 20K 30% of load Triluxe cemented to YZ zirconia 
 
In YZ-Triluxe cemented aged 20K cycles 30% of load group tow specimens survived and 
showed after load to failure test an adhesive failure at the pontic, connector & coping area 
(Figures 104-105). 
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Mode of failure of aged 20K cycles 30% of load Triluxe cemented to YZ zirconia: 
 
 
 
  
Figure 104: Sample# 20 (YZ-Triluxe aged cemented 20K 30%) 
 
 
    
Figure 105: Sample# 22 (YZ-Triluxe aged cemented 20K 30%) 
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Mode of failure of aged Triluxe cemented to YZ zirconia: 
 
Site Cohesive failure Adhesive failure Veneer failure 
Pontic 0 1 0 
Connector 0 0 0 
Coping 0 0 0 
Pontic & connector 2 0 0 
Connector & coping 0 0 0 
Pontic , connector & 
coping 
0 4 0 
Table 52: Mode of failure of aged Triluxe cemented to YZ zirconia 
 
 
 
Graph 24: Mode of failure of aged Triluxe cemented to YZ zirconia 
 
 
In YZ-Triluxe cemented aged group there are two incidence of cohesive failure at the 
pontic & connector area and one incidence of adhesive failure at the pontic area as well as four 
incidences of adhesive failure at the pontic connector & coping area (Figures 106-110). 
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Mode of failure of aged Triluxe cemented to YZ zirconia: 
 
   
Figure 106:  Sample# 30 (YZ-Triluxe cemented aged) 
 
 
    
Figure 107: Sample# 31 (YZ-Triluxe cemented aged) 
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Figure 108: Sample# 32 (YZ-Triluxe cemented aged) 
 
    
Figure 109: Sample# 33 (YZ-Triluxe cemented aged) 
 
 
    
Figure 110: Sample# 34 (YZ-Triluxe cemented aged) 
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MICROSTRUCTURE EXAMINATION 
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IPS e.max fused to YZ zirconia group: 
a-SEM of IPS e.max fused to YZ zirconia: 
 
 
Figure 111: Electron Micrograph of the fracture surface showing adhesive failure of e.max fused 
to YZ. X60, Z= YZ zirconia, F = fusing material. 
 
 
 
Figure 112: Electron Micrograph of the fracture surface showing adhesive failure of e.max fused 
to YZ. X100, Z= YZ zirconia, F = fusing material. 
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b- EDS of IPS e.max fused to YZ zirconia: 
 
 
 
 
 
 
     
Figure 113: Electron Micrograph of the fracture surface of e.max fused to YZ zirconia x600, 
EDS analysis; Spectrum 381 & 382 showed elements of glass fusing material. 
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Figure 114: Electron Micrograph of the fracture surface of e.max fused to YZ zirconia x100 EDS 
analysis; Spectrum 359 showed elements of glass fusing material only, Spectrum 360 showed 
elements of  glass fusing material and zirconia. 
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Triluxe cemented to YZ zirconia group: 
a-SEM of Triluxe cemented to YZ zirconia: 
 
 
 
 
Figure 115: Electron Micrograph of the fracture surface showing cohesive failure of Triluxe 
cemented to YZ. X100, Z= YZ zirconia, C= resin cement material T=Triluxe veneer. 
 
 
 
Figure 116: Electron Micrograph for the fracture surface of Triluxe cemented to YZ. x500,  
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b-EDS of Triluxe cemented to YZ zirconia group: 
 
 
 
 
 
       
Figure 117: Electron Micrograph of a fracture surface showing cohesive failure of Triluxe 
cemented to YZ. X100, Z= YZ zirconia, C= resin cement material T=Triluxe veneer.                 
EDS analysis; Spectrum 392 showed elements of  zirconia, Spectrum 393 showed elements of 
Triluxe forte, Spectrum 394 showed elements of resin cement. 
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Figure 118: Electron Micrograph of the fracture surface of Triluxe cemented to YZ. x500, EDS 
analysis; Spectrum 377, 378, 376, 379 showing elements of zirconia   
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20K cycles Triluxe cemented to YZ zirconia group: 
a-SEM and EDS for 20K cycles Triluxe cemented to YZ zirconia: 
 
 
 
    
Figure 119: Electron Micrograph of the fracture surface of 20K cycles Triluxe cemented to YZ. 
x500, EDS analysis; Spectrum 396 showed elements of zirconia, Spectrum 395 showed elements 
of resin cement. 
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b- EDS layered for 20K cycles Triluxe cemented to YZ zirconia: 
 
 
 
 
 
 
Figure 120: EDS layered of 20K cycles Triluxe cemented to YZ zirconia magnification x500 
Showing elements of zirconia and the glass fusing porcelain elements.   
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Aged Triluxe fused to YZ zirconia group: 
a-SEM of Aged Triluxe fused to YZ zirconia group: 
 
 
Figure 121: Electron Micrograph of the fracture surface showing adhesive failure of aged Triluxe 
fused to YZ. x50, Z= YZ zirconia, F= fusing material (VM9) 
 
 
Figure 122: Electron Micrograph of the fracture surface showing adhesive failure mode of aged 
Triluxe fused to YZ. x200, Z= YZ zirconia, F= fusing material (VM9) 
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b-EDS of Aged Triluxe fused to YZ zirconia group: 
 
 
 
 
 
 
Figure 123: Electron Micrograph of the fracture surface showing adhesive failure of aged Triluxe 
fused to YZ. x200, EDS analysis; Spectrum 401 showing elements of glass fusing porcelain, 
Spectrum 402 & 400 showing elements of  zirconia. 
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c-EDS layered of Aged Triluxe fused to YZ zirconia group: 
 
 
 
 
 
 
Figure 124: EDS layered of aged Triluxe fused to YZ zirconia magnification x200 
Showing zirconia and the glass fusing porcelain elements. 
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DISCUSSION 
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Zirconia holds a unique place among all-ceramics due to its excellent mechanical 
properties. Flexural strength and fracture toughness of zirconia are the highest of the currently 
used dental ceramics. This allows use in posterior fixed partial dentures and permits a substantial 
reduction in core thickness. These capabilities are eye-catching in prosthetic dentistry, where 
strength and esthetics are principal requirements for patient satisfaction.42. Even with the 
exceptional mechanical properties, there are problems with zirconia based all-ceramic 
restorations. The most common technical difficulty associated with zirconia based all-ceramic 
restorations is veneer fracture.74-76. Chipping of the veneering porcelain, which can be repaired 
with resin material, has been reported in several clinical studies. 69-79 Several factors play an 
important role in the chipping of the ceramic for zirconia-supported restorations; (a) strength of 
the veneering porcelain, (b) bonding between veneering porcelain and zirconia, (c) support from 
the underlying zirconia core, (d) microstructural defects in veneering porcelain and residual 
thermal stresses. 58-68 
             Triluxe forte was milled and fused to YZ zirconia by means of VM9 fusing porcelain 
and cemented to YZ zirconia by means of Multilink resin cement. The failure load of aged 
fatigued Triluxe cemented to YZ zirconia showed a significant difference as compared to non-
aged fatigued Triluxe cemented to YZ zirconia. Renan Belli et. al. 2014, found the mechanical 
degradation of Triluxe Forte is governed by stress corrosion mechanisms, with strength 
degradation severity being linked to the glass phase amount. This supports our finding that aging 
and cyclic fatigue cause mechanical degradation of the Triluxe forte. 
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             In this study, it was determined that there is no significant difference between the aged 
and non-aged Triluxe fused to YZ zirconia. On the other hand, there is a significant difference 
between (aged and non-aged) Triluxe cemented to YZ zirconia and (aged and non-aged) Triluxe 
fused to YZ zirconia.  This may in part be due to the presence of voids in the fusing layer as well 
as a mismatch of the coefficient of the thermal expansion of the VM9 fusing material.          
             For the e.max groups, there is a significant difference between aged e.max cemented to 
YZ zirconia and aged fatigued e.max cemented to YZ zirconia. Furthermore, as the cycle number 
increased (20K, 60K and 80K cycles) in the aged fatigued e.max cemented to YZ groups the 
failure load decreased. This is supported by the work of   Renan Belli et. al. 2014 that showed the 
aging and dynamic (cyclic) fatigue affect the mechanical properties of e.max CAD by stress 
corrosion mechanisms. 
 Due to high flexural strength (360 MPa) and modulus of elasticity (95 GPa) of the e.max veneer 
material, there is a significant difference between non-aged e.max fused to YZ zirconia and non-
aged Triluxe fused to YZ zirconia. The higher flexural strength of e.max  (360 GPa) may explain 
the significantly higher failure load of non-aged e.max versus non-aged Triluxe (154 GPa). Also, 
the fusing material for e.max veneer may be more compatible with respect to thermal expansion 
and ability to bond with both the e.max and zirconia. 
                 There is no statistical significant difference between the aged, non-aged e.max fused 
to YZ zirconia, which can be explained after examination of the specimens under the 
microscope.  The e.max fusing material appears to fill the machining grooves on YZ zirconia 
framework and reinforce the mechanical properties of the specimens as it shown in the electron 
micrograph pictures of this group. Comparing the non-aged e.max fused veneer group and the 
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non-aged Triluxe fused veneer group we found that, there is a significant difference between the 
static non-aged e.max veneer fused to YZ zirconia group and the non-aged static fatigued Triluxe 
veneer fused to YZ zirconia groups.  This can be explained by four factors: 
1. Higher mechanical properties of the e.max. 
2. Integration of fusing material with YZ zirconia on e.max fused group. 
3. The coefficient of thermal expansion mismatch of VM9. 
4. The presence of voids in the fusing material in the Triluxe fused YZ zirconia group.  
 Within the e.max groups, all the specimens of the cemented aged fatigued for 80K cycles failed 
in the fatigued test. Furthermore, the 60K cyclic aged cemented group showed the lowest failure 
load in comparison to all other e.max groups. This could be explained by the following factors: 
1. Degradation of the mechanical properties of the e.max by stress corrosion mechanism 
due to effect of real time aging (Renan Belli et. al. 2014).  
2. Potential for stress relaxation in the zirconia and phase change from tetragonal phase to 
monoclinic phase that create stress at the veneer interface (Fahmi et.al. 2012) which 
represented in the adhesive failure in all the aged e.max groups.  
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CONCLUSIONS 
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The following conclusions were drawn: 
1. The Triluxe Forte fused to YZ zirconia framework showed lower significant difference in 
failure load among all the other groups (p˂0.05).  
2.  There is higher significant difference between the non-aged Triluxe cemented to YZ 
zirconia (static and cyclic) and the aged cemented Triluxe fatigued for 60K and above 
(p˂0.05). 
3. Within the IPS e.max CAD groups, there is lower significant difference in failure load 
between the aged e.max fatigued (20K, 60K and 80K) cemented to YZ zirconia and all 
the other groups (p˂0.05).  
4. There is no significant difference in failure load between e.max fused and IPS e.max 
CAD cemented to YZ zirconia framework (p˃0.05). 
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Recommendations: 
1. Further study of the effect of real time aging on mechanical properties of the YTZP and 
dental ceramic material. 
2. Further study to improve the compatibility of the coefficient of thermal expansion fusing 
material used with Triluxe Forte and improve the fusing technique. 
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